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I. — On  the  Constitution  of  Acids  and  Salts. 

By  William  Odling,  M.B.,  F.C.S., 

legtueee  on  natueal  philosophy  and  demonsteatoe  of  chemistry  at 
guy's  hospital. 

The  object  of  this  communication  is  to  show,  how  all  salts, 
whether  acid,  neutral,  or  basic,  whether  containing  metallic  prot- 
oxides, binoxides,  sesquioxides,  or  teroxides,  whether  monobasic, 
bibasic,  or  tribasic,  may  be  respectively  reduced  to  the  type  of 

TT 

one  or  more  atoms  of  water,  representing  water  as  tt  |  O. 

It  has,  I  believe,  been  shown  by  the  researches  of  Messrs. 
Williamson  andGerhardt,  that  the  ethers,  alcohols,  and  organic 
acids  not  only  may,  but  must  be  reduced  to  this  type.  The 
notions  here  brought  forward  were  originally  suggested  by  their 
papers,  and  may  be  considered  in  great  measure  as  elaborations 
of  views  introduced  by  them  from  time  to  time  to  the  notice 
of  this  Society.  I  believe,  however,  that  the  formulae  I  have 
ventured  to  accord  to  the  phosphates,  are  quite  original. 

The  representation  of  monobasic  salts  as  homologues  of  water 

(    17^  ^  I O  nitrate   of  potash,  j    is   now    I    believe,    not   unusual- 

Dr.  Williamson  has  ^Iso  given  illustrations  of  the  mode  of 
representing  bibasic  salts  in  a  similar  manner;  but  in  the  illus- 
trative salts  brought  forward  by  him,  the  bibasic  characters  of 
the  salts  depended  entirely  upon  the  bibasic  nature  of  their  acid 
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constituents,  the  representation  of  bibasic  salts — bibasic  from  the 
nature  of  their  bases —being,  I  believe,  unattended  to.  With 
regard  to  Gerhardt^s  experiments  upon  the  anhydrous  acids,  an 
objection  has  been  raised  to  them,  to  the  effect,  that  the  new 
compounds  procured  by  his  new  process  need  not  necessarily 
stand  to  their  respective  hydrated  acids  in  the  same  relation  that 
the  well-known  anhydrous  acids  stand  to  their  hydrates,  or,  in 
other  words,  that  he,  by  his  new  process,  has  not  produced  any 
previously  recognised  anhydrous  acid,  but  simply  certain  com- 
pounds which,  after  all,  may  perhaps  be  only  isomeric  with  the 
true  anhydrous  acids.  With  the  view  of  refuting  any  such  objec- 
tion, I  sought  for  a  method  of  making  some  well-known  anhydrous 
acid,  on  a  plan  similar  to  that  which  he  adopted  for  preparing  his 
new  anhydrides.  For  this  purpose  I  availed  myself  of  a  new 
substance  (a  product  of  some  experiments  made  by  Mr.  Abel  and 
myself)  viz.,  the  bromosulphuric  acid,  a  white,  solid,  crystalline 
volatile  body,  analogous  to  Regnault's  chlorosulphuric  acid. 

This  substance  was  sealed  in  a  tube  with  excess  of  sulphate  of 
silver,  and  heated  in  an  oil-bath.  Bromide  of  silver  and  anhy- 
drous sulphuric  acid  resulted,  in  the  same  manner  as,  by  heating 
chloride  of  benzoyl  and  benzoate  of  soda,  we  obtain  chloride  of 
sodium  and  anhydrous  benzoic  acid. 

BzCl+|^]0=    S+gjO 

the  only  difference  between  the  two  equations  being,  that  the 
one  represents  the  formation  of  a  monobasic,  and  the  other  that 
of  a  bibasic  anhydride. 

For  the  building  up  of  the  formulae  I  am  about  to  submit  to  you, 
it  is  necessary — to  accord  to  different  substances  different  repre- 
sentative values,  and  occasionally  to  the  same  substance  under 
different  conditions,  likewise  different  representative  values — to  avail 
myself  of  an  illustration  made  use  of  by  Dr.  Williamson  on  a 
previous  occasion  in  the  case  of  tin.  The  atom  of  tin  has  usually 
a  replaceable,  or  representative,  or  substitution  value,  equal  to  that 
of  hydrogen,  as  seen  in  the  formulae  H  CI  and  Sn  CI ;  but,  under 
certain  circumstances,  its  equivalent  becomes,  as  it  were,  doubled, 
and  in  substitutions  the  atom  of  tin  has  a  representative  value 
equal  to  that  of  2  atoms  of  hydrogen,  as  seen  in  the  formulae 
HHClaandSnCL. 
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In  the  same  manner  iron  has  two  replaceable  values,  eqnal 
respectively  to  1  and  1  ^  atoms  of  hydrogen ;  bismuth  a  represen- 
tative value  equal  to  3  atoms  of  hydrogen ;  mercury  and  copper 
two  representative  values,  and  so  on.  Now  for  the  clear  elucida- 
tion of  the  succeeding  formulae,  I  adopt  in  them,  a  simple  plan  of 
marking  these  different  substitution  values,  viz.,  by  one  or  more 
dashes  to  the  right  or  left  of  the  symbol,  something  after  the 
fashion  frequently  made  use  of  in  algebraical  formulae :  thus, 

H',  an  atom  of  hydrogen. 

Sn',  an  atom  of  tin,  as  existing  in  stannous  salts,  having  a 
substitution  value  equal  to  that  of  hydrogen. 

Sn",  the  same  atom  of  tin,  having  the  same  atomic  weight,  but 
existing  in  stannic  salts,  and  having  a  substitution  value  equal 
to  that  of  2  atoms  of  hydrogen. 

Bi^',  an  atom  of  bismuth,  as  existing  in  bismuth  salts,  having  a 
value  represented  by  3  atoms  of  hydrogen. 

Fe',  an  atom  of  iron,  as  existing  in  ferrous  salts,  having  a 
replaceable  value  equal  to  that  of  hydrogen. 

FeFe'"  or  Fe'^'gj  ^  atoms  of  iron,  as  existing  in  ferric  salts, 
having  together  a  substitution  value  equal  to  that  of  3  atoms  of 
hydrogen. 

Hg",  an  atom  of  mercury,  as  existing  in  mercuric  salts,  having  a 
substitution  value  equal  to  that  of  hydrogen. 

^^Hg,  an  atom  of  mercury,  as  existing  in  mercurous  salts,  having 
only  half  the  replaceable  value  of  an  atom  of  hydrogen. 

From  this  it  is  evident  that  in  making  equivalent  substitutions 
for  1,  2,  or  3  atoms  of  hydrogen  respectively,  the  number  of  atoms 
introduced  may  vary  very  considerably,  provided  the  total  expo- 
nential value  remains  the  same :  thus,  3  atoms  of  hydrogen, 
H'  H'  H',  may  be  alike  perfectly  represented  by 

K'  K'  K' 

H  Sn ' 
Sn'+K' 
Fe  Fe''' 
Bi"' 
6.Hg 

in  each  of  which  cases,  the  same  exponential  value  is  maintained, 
notwithstanding  the  aifference  in  the  numbers  of  the  atoms. 

I  proceed  to  offer  some  general  illustrations  of  compounds 
formed  on  the  types  of  1,  2,  and  3  atoms  of  water  respec- 
tive! v. 
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One  atom  of  water  being  tal^en  as  the  type 

it  is  obvious  that  each  or  either  of  the  atoms  H'  can  only  be  re- 
placed by  X  or  ^^pCy  tlius  : 

"NO'^  1  ^    iiitric  acid  (anhydrous) 

j^,       jO    potash 

o'^Ti^  ]  O"  mercurous  oxide 

gP'2  j  o"  nitric  acid 

^P  2  j  o"  nitrate  of  potash 

XT' 

^,      j  O"  hydrate  of  potash       ' 
2  TT^  1  O"  mercurous  nitrate 
TT  /  ^  }  O"  mercuric  nitrate. 
Two  atoms  of  water  being  taken  as  the  type 

One  pair  of  H'  H'  being  generally  represented  by  x" ,  the  other  by 
x" y  or  2  x'  or  4^^  a?,  thus  : 

SO" 

SO"^    1  ^  ^ "  sulphuric  acid  (anhydrous) 

g  //      j  2  O"  stannic  oxide  or  acid 

g  //  ^    J  2  O''  stannic  sulphate 

2  gjj   )  2  O''  stannous  sulphate 

g  //    2  j  2  O''  stannic  nitrate 

2  K'^    )  ^  ^ '  potash  sulphate 
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1^/  XT/  ]  2  O"  potash  bisulphate 
Q  TT/^    ]  2  O"  sulphuric  acid 
2  He-'  1  ^  ^    mercuric  sulphate 
^  TT^    J  2  O"  mercurous  sulphate. 

Three  atoms  of  water  being  taken  as  the  type  : 

H  H'  H'  ^  ^,/ 
H'  H'  H' )  '^  3 

One  tierce  of  H'  H'  H'  being  generally  represented  by  some  sub- 
stance having  obvious  tribasic  tendencies,  as  ^"',  or  a?x'',  or  «r"  +  x  ; 
the  other  tierce  being  represented  by  ^''',  or  xa^''',  or  ,r"-l-.r',  or 
1  J<r"_,  or  3  x\  or  6  ^^,27. 

In  order  to  illustrate  this  series,  I  must  make  use  of  some 
tribasic  acid,  and  avoiding  the  phosphoric  acids  for  the  present, 
avail  myself  of  an  organic  acid,  the  citric. 

The  ordinary  formula  for  hydrated  critic  acid  is : 

=  Ci2  HgOj^, 
and,  by  adopting  the"small  equivalent  for  hydrogen, 
=  C,H3  0, 

-  =^3H  ^'}^^- 

In  the  same  manner  the  formula  for  hypothetical  anhydrous 
citric  acid  is : 

^12  H5  Oil, 
by  adopting  the  small  equivalent  for  hydrogen, 

^^laHioOji 

=  ^12^10  08  +  03 

_Cg  Hg  04)0^ 

in  accordance  with  the  previously  used  formulae  for  the  anhydrous 
acids. 

Let  Ci  therefore  stand  for  the  compound  Cg  Hg  O^,  and  have  a 
substitution  value  accorded  to  it  equal  to  the  value  of  3  atoms  of 
hydrogen,  as  in  the  following  series  : 
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pv// 

p  ,„       I  3  C  citric  acid  (anhydrous) 

^./,/      I  3  O"  bismuth  teroxide 

p^„2     I  3  C  ferric  oxide  (sesquioxide) 

p  ///      13  O"  ferric  citrate 

Ci"' 

\^^  //  ]  3  O''  stannic  citrate  ? 

^/  q  //  ]  3  C  pot assio- stannic  citrate  ? 

3  A  '    1  ^  ^"  ^^^^^  citrate 
^^,^'2  j  3  o''  bismuth  nitrate 
^J?,? '2  j  3  o'^  bismuth  sulphate 

pv// 

^    TT     ]  3  C  mercurous  citrate 
6,Hg  i 

pv// 

3  H'     ]  ^  ^''  ^^*^^^  ^^^^* 
Four  atoms  of  water  being  taken  as  a  type, 

without  going  into  details  concerning  this  group,  it  may  suffice  to 
cite  alum  as  an  example, 

All  the  salts  hitherto  brought  forward  are  strictly  neutral  in 
composition :  the  formulae  are,  however,  equally  appHcable  to  basic 
and  acid  salts,  as  seen  below  : 

p^?^'  I    O"  lead  nitrate 

Pb'  NO'  >  o  p,//        NO/  )  o  (^"  1     1  ^  •     •.    ^ 
pw  pi  /  ^  J  2  O   =0  pi  /  -^2  0    lead  tnsnitrate 

PV  NO'  NO'  ,  o  /-.-     2  NO  ' ,  o  r^-  1     ^  ^-   -^    4. 
Pb'  Pb'    Pb'     ]  ^  ^   "^4  Pb'     I  ^  ^    ^^^^  dmitrate 


1^/2  j     O"  potash  iodate 
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j^'2  TO'2  I  2  0''=  ^  ^'2  I  2  O"  potash  teriodate 

^^la ^K'^K^  ]  3  O"  =  2  ^^  ]  3  O"  potash  biniodate 

A  similar  mode  of  notation  is  applicable  to  the  salts  of  chromic 
acid,  by  which  means,  the  bichromates  and  terchromates  are  made 
to  appear  as  perfectly  normal  compounds. 

The  series  of  salts  formed  on  the  tartar  emetic  type  are  very 
clearly  represented  by  these  substitution  formulae,  more  especially 
when  contrasted  with  salts  of  the  alum  type.  The  salts  of  both 
series  agree  in  containing  an  atom  of  a  monacid  base,  associated 
with  an  atom  of  a  teracid  base ;  those  of  the  one  class,  however, 
being  neutral  and  formed  on  the  type  of  4  atoms  of  water,  those  of 
the  other  being  basic  and  formed  on  the  type  of  3  atoms  of  water. 

Tartaric  acid =^^^1^^"} 2  0"=^^,}2  O"  then  we  shall  have 

K'^  AT'  1  ^  ^"  common  alum  . ,,/,   ^  J  3  O''  basic  alum 

2  T''       ^4  O"  neutral  tartar  K'  T"     \  o  n''  +    f  f 

K'Sb'M  emetic  Sh^      i^^    tartar  emetic 

2  r'       -^4  O''  neutral  potash  K'  T''    )  3  O''  basic  potash 

K'  Fe'^'a  ^     tartrate  of  iron  Fe'^'g     '   tartrate  of  iron 

2  T''       ^  A  r^^^  .    .    '    Ai.  K'  T"  )  3  O^'  tartarised 

^,-g,.     1 40    tartarised  borax  g.,     )  ^^^^^ 

I  shall  now  endeavour  to  show  the  applicability  of  these  views 
to  certain  series  of  salts,  and  for  this  purpose  select  the  carbonates, 
sulphates,  and  phosphates,  with  their  respective  congeners. 

And  first,  with  regard  to  the  carbonates,  it  will  be  seen  that  both 
carbonates  and  oxalates  may  be  regarded  as  oxidised  compounds 
of  carbonic  oxide  with  metals,  but  that  in  the  former  class  the 
atom  of  carbonic  oxide  has  a  replaceable  value  equal  to  that  of 
2  atoms  of  hydrogen,  whilst  in  the  latter  it  has  a  value  equal  only 
to  that  of  1  atom  of  hydrogen.  Similar  considerations  apply  to 
the  mesoxalates. 

C  O"  ") 

p  Q,,   j  2  O"  carbonic  acid  (anhydrous) 

C  O"   -J 

2  XT/    1 2  O"  carbonic  acid  (hypothetical) 

C  O"  ") 

(yjy,    J  2  O"  potash  carbonate 
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^/Vr/  ]  ^  O"  potasli  bicarbonate 

^2,^'2  j  2  O^'  potash  binoxalate 

^  ??/  x^l  4  C  potash  quadroxalate 

^3  ^^3 1  2  O''  mesoxalic  acid 

3  ^,  3  j  2  O''  potash  mesoxalate 

The  action  of  heat  on  oxalate  of  potash  is  very  clearly  seen  in 
these  equational  formulae : 

also  the  action  of  heat  on  oxalate  of  nickel : 

^  %'Si^  }  2  O"  =  ^  g;']  2  O"  +  3  Ni 

The  following  table  represents  in  a  similar  manner  the  acids  of 
sulphur  and  their  salts  : 

gQ//^  }  2  O''  sulphuric  acid  (anhydrous) 

1^)         j  2  O''  sulphuric  acid 

SO"  ^ 

"M  '  H'       1  ^  ^ '  ^^^^  bisulphate 

2-sj^'         j  2  O"  soda  sulphate 

2  Na'         ]  ^  "^  ^  '  "^^^^  hyposulphite 

2  Na'         ]  '^  ^  '  hyposulphite  of  sulphide  of  sodium 


SO"^ 

2  Na 


]  0"  +  2  NO'  soda  nitrosulphate 
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SO'2  SO'2  I  2  O"  or  ^2^"*  ]  2  O"  soda  hyposulphate 
Sa^  SO2  j  2  o-  or  2^j_^ '"  ]  2  O"  hyposulphuric  acid 
g^„  I  2  C  sulphurous  acid 

N^'H'      ^  ^  ^ '  ^^^^  bisulphite 
2  Na'         ]  ^  ^ '  ^^^^  sulphite 

The  relations  of  the  hyposulphates  to  the  sulphates  are  in  this 
way  made  very  apparent.  Hyposulphates  stand  to  the  sulphates 
in  a  position  similar  to  that  which  the  oxalates  occupy  with  regard 
to  the  carbonates ;  and  here  likewise  the  action  of  heat  is  very 
clearly  pourtrayed : 

SO'2  SO'2  1 .  r..     SO" 


2Na' 


}2  0''=^^^,}2  0''+SO, 


In  fact,  the  hyposulphates  are  sulphates  into  the  constitution  of 
which  another  atom  of  sulphurous  acid  has  been  forced. 

With  regard  to  the  sulphites,  a  radical  SO  is  made  use  of,  which 
is  not  known  to  have  any  real  existence.  That  such  a  substance 
should,  however,  exist  in  compounds,  is  not  by  any  means  impro- 
bable when  we  consider  the  analogies  of  the  sulphites,  selenites, 
and  carbonates,  as  pointed  out  byMuspratt,  and  as  seen  below: 


CO 

SeO 

C02 

Se02 

SO2 

SeOg 

SO3 

To  proceed  to  a  consideration  of  the  acids  of  phosphorus  and 
their  salts,  I  am  desirous  of  discussing  the  relations  of  this  series 
somewhat  more  fully  than  those  of  the  preceding  ones,  and  shall 
venture  to  premise  a  few  general  remarks.  It  appears  to  me,  that 
chemists  have  usually  been  too  prone  to  regard  all  irregularities  in 
the  properties  of  bodies,  as  special  differences  between  such  and 
other  more  orthodox  substances ;  whereas,  a  more  deliberate  ex- 
amination of  the  subject  would  show  that  most  of  these  apparent 
differences  in  kind,  were  in  reality  only  differences  in  degree.  I 
think  it  may  be  taken  as  a  rule,  that  every  obvious  abnormality  in 
the  constitution  or  properties  of  any  particular  body,  is  but  an 
exaggerated  condition  of  quality  which  exists  latent  in  other  bodies ; 
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SO  that  while  these  abnormal  bodies  are  constantly,  and  under 
every  variety  of  circumstance,  obtruding  their  peculiarities  upon  our 
notice,  it  is  only  by  intentional  search,  and  under  the  most  favour- 
able conditions,  that  the  same  characters  will  be  found  to  obtain, 
though  in  a  less  marked  degree,  in  other  more  normal  bodies. 

Moreover,  we  are  oftentimes  apt  to  overlook  broad  features  of 
resemblance  between  different  substances,  from  the  accidental 
circumstance  of  such  substances  having  been  originally  regarded 
in  different  aspects ;  the  similitude  is,  however,  rendered  at  once 
apparent  by  simply  altering  our  point  of  view. 

Thus  the  phosphoric  acid  is  usually  considered  as  peculiar,  inas- 
much as  its  saturating  power  varies  remarkably  in  different  instances. 
-Now  I  believe  that  by  changing  our  point  of  view,  this  property 
will  prove  to  be  not  of  a  special  kind,  but  a  special  illustration  of  a 
general  law,  prevailing,  though  to  a  much  lower  degree,  in  other 
compounds.  My  object,  then,  in  the  succeeding  remarks,  is  to 
point  out  the  method  of  representing  the  phosphates  in  accordance 
with  the  previously  used  substitution  formulae,  and  at  the  same 
time  to  show  that  their  so-called  peculiarities  are  manifested,  though 
to  a  much  less  extent,  in  the  salts  of  many  other  acids,  certainly  in 
the  chromates,  borates,  iodates,  and  sulphates. 

In  the  first  instance,  confining  myself  to  considerations  connected 
with  the  common  phosphates  and  the  meta-phosphates,  I  was  desi- 
rous to  know  whether  the  meta-phosphate  ought  to  be  regarded  as 
the  normal  salt,  and  the  common  phosphate  as  a  salt  containing  an 
excess  of  base ;  or  whether  the  common  phosphate  w  as  the  normal 
salt,  and  the  meta-phosphate  a  salt  containing  an  excess  of  acid. 
From  thinking  over  the  modes  of  formation  and  general  habitudes 
of  the  salts,  I  was  induced  to  adopt  the  latter  assumption,  and  to 
represent  ordinary  terhydrated  phosphoric  acid  as 


PO 

any  tribasic  phosphate 


3'h>0' 


PO 

x'  y'  z 

and  the  anhydrous  acid  as  : 


. ...  _.|3  0" 


P0-|3^. 


PO 


compounds  formed  on  the  type  of  three  atoms  of  water. 

Now,  if  one  such  atom  of  a  tribasic  phosphate  containing  three 
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atoms  of  fixed  base  were  fused  with  one  atom  of  anhydrous  phos- 
phoric acid,  one  atom  of  meta-phosphate  would  result :  thus 

and  the  meta-phosphate  would  be  considered  as  a  common  phos- 
phate combined  with  anhydrous  phosphoric  acid,  in  the  same 
manner  that  bichromate  of  potash  is  regarded  as  a  combination  of 
neutral  chromate  of  potash  with  anhydrous  chromic  acid;  binio- 
date  of  potash,  a  combination  of  neutral  iodate  with  anhydrous 
iodic;  biborate,  a  combination  of  neutral  borate  with  anhydrous 
boric ;  bisulphate,  as  a  combination  of  neutral  sulphate  with  anhy- 
drous sulphuric  acid,  &c.*  Now  I  beUeve  that  this  analogy  will  be 
found  to  be  an  analogy  proper,  having  a  real  existence  in  fact,  and 
being  sufficient  to  warrant  our  removing  the  phosphates  from  their 
present  isolated  position,  and  to  our  associating  them  with  other 
anhydrous  acid  salts,  the  number  of  which  I  have  no  doubt  might 
be  greatly  increased. 

There  is  no  difficulty  whatever  in  making  the  salts  agree  per- 
fectly well  as  regards  their  formulae,  as  seen  on  next  page ;  chromic 
acid  being  represented  as  bibasic,  its  bibasity  being  inferred  from  its 
analogy  to  sulphuric  acid,  and  from  the  vapour-density  of  its 
oxychloride. 

Wurtz's  views  of  the  constitution  of  the  hypophosphites  and 
phosphites,  accord  extremely  well  with  these  substitution-formulse, 
the  relations  of  the  former  to  the  metaphosphates,  and  of  the  latter 
to  the  pyrophosphates,  being  most  fully  preserved. 


Metaphosphate.  Hypophospliite. 

2P0"'        Q.  PO"'PH'",  ]    (.„ 
4K'       r^  4K'       >^^ 

Pyrophosphate.  Phosphite. 


It  becomes  a  question,  however,  whether  the  phosphite  might 
not  be  better  represented  as  a  homologue  of  the  common  phos- 
phate, 

Phosphate  of  potasR,  ordinary.  Phosphite  of  potash,  ordinary. 

*  The  bisulphate  to  wldch  I  refer,  is  that  described  by  Jacquelain,  having  the 
composition  KO  SO3,  SO3,  analogous  to  the  Nordhausen  acid  HO  SO3,  SO^. 
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S  §  ^  :s^  g 

s  ^-^  o  o  «^ 


-^ 


III    ^u^uiVr^ 
22  g^^  |.|  2^^        :||.^  2m       ||:.J 

CO    pq  CD        CO  <  ^  %^        CO  H  g  S  g 


b     b 

CD  CO 


OO  O 
OO   OM 
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By  this  means  we  should  make  use  of  three  phosphorus  radicals, 

P  H2,  P,  and  P  O, 

each   having  a  replaceable   value   equal  to   that   of  3   atoms   of 
hydrogen.* 

The  mode  I  have  adopted  for  expressing  the  pyrt5phosphates 
represents  most  clearly  the  constitution  of  certain  double  pyrophos- 
phates, one  of  which  Mr.  Graham  has  noticed  as  being  inimical 
to  Fleitmann  and  Henneberg^s  views. 

3Na^,Cu']^^'>^^^^^^^l^' 
3  (2  Na  O,  P  O5)  +  2  CuO,  P  O5,  old  formula, 

for  the  double  pyrophosphate  of  soda  and  copper. 

Having  thus  pointed  out  the  almost  complete  correspondence  of 
the  formulae  of  the  above  salts,  I  proceed  to  discuss  the  corre- 
spondence of  their  properties,  and  I  trust  I  shall  be  able  to  show, 
that  the  different  members  of  the  series  partake  of  a  common 
character,  and  that  such  differences  as  exist  among  them  are  not 
differences  of  kind,  but  only  modifications  of  general  properties, 
depending  for  the  most  part  upon  ascertainable  modifying  con- 
ditions. 

If  any  of   the  above  anhydrous  acid  salts  be  dissolved  in  an 

*  Since  reading  the  above  paper,  Dr.  Williamson  has  pointed  out  to  me,  that 
by  making  use  of  another  phosphorized  radical  PO2,  the  phosphates  may  be  repre- 
sented in  a  manner  different  to  the  above  This  difference  in  the  formuhe  may 
perhaps  explain  the  constitution  of  the  two  principal  classes  of  metaphosphates  and 
their  derivatives. 

Metaphosphates : 

jj,2jo      or       H'     j20 
Pyrophosphates : 

4H'   j***^   ^^         4  11'     j^^       ^^      4H     ]^^ 


Common  phosphates : 

po; )  „  ^„  „   po" 
3 


H^]20"or     ^3^:]  3  0" 


It  is  to  be  observed  that  Dr.  William  s  on's  view  makes  the  metaphosphates 
analogous  to  the  nitrates  : 

Na'  j  ^  Na'  j  '^ 

Nitrate  and  metaphosphate  of  soda  respectively. 
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excess  of  cold  water,  one  of  two  circumstances  will  take  place ; 
cither  the  free  acid  will  remain  attached  to  the  salt  and  not  take 
up  basic  water,  as  is  the  case  with  boric  and  chromic  acids,  or  the 
free  acid  will  unite  with  basic  water,  gradually,  as  is  the  case  with 
the  phosphoric  acid,  or  more  rapidly,  as  is  the  case  with  the 
sulphuric. 

That  the  free  boric  and  chromic  acids  should  behave  as  they  do,  is 
easily  explicable,  when  we  consider  that  neither  of  them  forms  a 
definite  basic  hydrate.  That  the  free  anliydrous  sulphuric  acid 
should  take  up  water  rapidly,  is  what  we  might  expect,  from 
its  powerful  affinity  for  water ;  that  the  free  anhydrous  phosphoric 
acid  should  not  take  up  water  so  rapidly  as  does  the  sulphuric,  is 
accounted  for  readily,  when  we  consider  the  diflPerent  conditions 
which  determined  the  existences  of  the  salts  respectively  contain- 
ing them. 

If,  however,  the  above  salts  be  dissolved  in  boiling  water,  the 
anhydrous  sulphuric  and  phosphoric  acids  alike  take  up  water 
rapidly,  so  as  to  form  the  normal  salts.  If,  moreover,  a  solution 
of  potash  or  soda  be  used  instead  of  water,  the  free  anhydrous 
boric,  chromic,  sulphuric,  and  phosphoric  acids  alike  take  up  the 
added  base,  to  form  normal  salts :  the  boric,  however,  from  the 
feebleness  of  its  acid  properties,  by  which  it  is  obviously  fitted  to 
act  as  an  acid  adjunct,  does  not  manifest  this  action  to  the  same 
degree  as  do  the  others. 

When  common  phosphoric  acid  is  heated  to  a  certain  point,  it 
loses  a  definite  amount  of  water,  and  metaphosphoric  acid  results 
from  the  combination  of  the  nascent  anhydrous  phosphoric  acid 
with  some  of  the  unaltered  common  acid ;  sulphuric  acid  cannot, 
however,  be  changed  in  this  manner,  because  the  anhydrous  acid 
being  volatile,  the  physical  action  of  heat  is  not  opposed  to  the 
affinities,  as  in  the  preceding  case. 

The  similar  blowpipe  properties  of  phosphorus-salt  and  borax  are 
explained  by  this  view  of  their  similar  constitution.  In  each 
instance  we  have  free  anhydrous  acid  at  an  intense  heat,  extremely 
fixed,  and  in  a  liquid  condition;  when  a  metallic  salt  or  oxide 
is  added,  combination  takes  place  as  a  matter  of  course,  and  the 
borate  or  phosphate  of  metal  unites  with  or  dissolves  in  the  borate 
or  phosphate  of  alkali.  But  if  we  employ  either  normal  or  basic 
borates  or  phosphates,  we  do  do  not  get  these  coloured  beads,  or  at 
any  rate  but  very  imperfect  ones,  such  action  as  does  occur  being 
probably  due  to  the  partial  replacement  of  the  volatile  soda  by  the 
fixed  metallic  oxide. 
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A  further  parallelism  between  the  phosphates  and  chromates  is 
seen  below. 

The  substance  ^^^^^ ^\2  O''  is  unaltered  at  a  red  heat, 

the  substance  r^^cy  \  '^  ^    ^^  decomposed  at  a  red  heat — if 

the  substance    g  K'^  Cr  O''^  I  "^  ^''  ^^  heated  to  redness, 

the  2  K'^^  ^  ^''  remains  unaltered, 

Cr  C 
while  the  ^  ^O''^]  ^  ^    becomes  decomposed. 


The  substances 


PO 
3 


-,]3  0' 


and  PO'^'  ]  3  C 

are  both  unaltered  by  heat  alone,  but  while 

the  substance  <^  TC  ]  ^  ^     ^^  unaltered  at  a  red  heat  in 

the  presence  of  charcoal, 

PO''' 
the  substance  PO"''  ]  ^  ^    ^^   decomposed   under   similar 

conditions.     If  then 

the  substance        q  tt^    pq'''  \  ^  ^     be  mixed  with   charcoal   and 

heated  to  redness, 

the  substance  ^K'\^  ^    remains  unaltered,  while 

PO"S 
the  substance  PO'"'  r  ^  ^     becomes  decomposed ;    or,  in 

other  words,  when  a  metaphosphate  is  mixed  with  charcoal  and 
heated  to  redness,  a  common  phosphate,  with  3  atoms  of  fixed 
base,  results  ;  in  proof  of  which,  I  offer  the  following  oxperiments. 

If  a  bead  of  metaphosphate  of  soda  be  heated  with  charcoal  in 
the  reducing-flame  of  the  blowpipe,  and  then  be  dissolved  in  water, 
the  solution  will  give  a  yellow  precipitate  with  nitrate  of  silver. 

If  the  metaphosphate  be  intimately  mixed  with  an  excess  of 
charcoal  (free  from  organic  matter,  as  procured  by  the  incineration 
of  sugar),  and  the  mixture  be  put  into  a  crucible  and  kept  at  a  full 
red  heat  for  some  time,   inflammable  vapours,   smelling  of  phos- 
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phorus,  are  given  off;  fusion  does  not  take  place,  but  the  black 
powder,  when  heated  with  water,  affords  a  solution  which  gives  a 
yellow  precipitate  with  nitrate  of  silver. 

The  solution,  when  evaporated  to  dryness  and  ignited,  leaves  a 
semicrystalline  mass,  which  by  analysis  is  shown  to  have  the  fol- 
lowing composition  : 

Calculation.  Found.  Found. 

3NaO     .     56-78 
PO5  43-27     :     44-56     :     44-31 

These  are  the  two  best  results  of  several  analyses.  The  salt  had 
a  powerful  alkaline  reaction,  and  absorbed  carbonic  acid  with 
considerable  rapidity;  when  too  intense  a  heat  was  employed, 
some  of  the  phosphate  was  converted  into  phosphuret. 

These  analogies  are,  I  think,  sufficient  to  warrant  the  views 
which  I  have  put  forward  with  reference  to  the  phosphates.*  At 
the  commencement  of  my  endeavours  to  apply  the  substitution 
formulae  to  this  class  of  salts,  I  experienced  considerable  difficulty, 
and  was  at  one  time  induced  to  adopt  an  opinion  which  I  sub- 
sequently found  had  been  proposed  by  Gerhardt,  viz.,  that  the 
metaphosphates  were  the  normal  salts,  and  the  pyrophosphates  and 
common  phosphates  modifications  of  ordinary  basic  salts. 

I  was  inclined  to  this  view  from  a  consideration  of  certain 
resemblances  between  the  sulphuric  and  phosphoric  acids  as  com- 
monly represented,  and  being  thereby  led  to  one  or  two  experiments, 
which,  though  simple,  are  not  without  interest,  I  venture  to  allude 
to  them ;  especially  as  the  results,  though  at  first  sight  inimical  to 
the  views  I  have  above  detailed,  are  quite  capable  of  being  explained 
by  them. 

Any  dilute  sulphuric  acid  eva-  A  solution  of  common  phos- 

porated  in  vacuo,  at  a  tempera-  phoric    acid,   similarly   treated, 

ture  of  212°  E.,  becomes  SO3,  leaves     the     compound    P  O5, 

3  HO.  3  HO. 

By   heating   the   above    to   a  By  heating   the   above  to  a 

temperature  a  little  above  400°  F.,  temperature     of     415°  F.,    we 

we  have  have 

SO3  2  HO.  PO5  2  HO. 

*  If  F rem y's  experiments  on  the  tartaric,  tartrelic,  and  tartralic  acids  should  be 
ultimately  confirmed,  that  series  would  afford  an  abundant  illustration,  both  as  regards 
formula),  formation  and  properties,  of  the  correctness  of  the  above  mode  of  representing 
the  meta-  and  pyrophosphates,  viz.,  as  salts  containing  an  excess  of  anhydrous  acid. 
I  was  unwilling,  however,  to  draw  deductions  from  results  which  are  still  subjudice. 
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By  a  further  increment  of  tein-  By  a  further  increment  of  tem- 
perature, we  have  perature,  we  have 

SO3  HO.  PO5  HO. 

Again,  subsulphate  of  mercury  and  yellow  phosphate  of  silver 
leceive  similar  formulie : 

SO3  3HgO  PO5  3AgO. 

When  decomposed  by  sulphuretted  hydrogen,  they  yield 
similar  acids : 

SO3,  3  HgO  -f  3  HS  =  SO3,  3  HO  +  3  HgS 
PO5  3AgO  +  3HS  =  P05   3HO  +  3AgS 

But  the  salts  SO3  3  Hg  O  and  PO5  3  Ag  O  are  made  in  very  diffe- 
rent ways.  Being  struck  with  the  above  analogies,  I  endea- 
voured to  make  similar  basic  sulphates  and  phosphates  by  one  and 
the  same  method. 

For  this  purpose,  I  made  use  of  the  tribasic  acetate  of  lead, 
conceiving  that  by  adding  a  solution  of  this  salt  to  solutions 
of  sulphate  and  metaphosphate  of  soda  respectively,  I  should  get 
formed,  by  double  decomposition,  tribasic  sulphates  and  phosphates 
of  lead,  as  represented  below  : 

A,  3PbO-f-NaO,  SO3  =3PbO,  SOa  +  NaO,  A 
A,  3PbO  +  NaO,  PO5  =3PbO,  POg  +  NaO,  A 

tliat  is  to  say,  that  the  lead  phosphate  made  by  decomposing 
metaphosphate  of  soda  by  tribasic  acetate  of  lead,  would  have  the 
same  composition  as  the  lead  phosphate  made  by  decomposing 
common  phosphate  of  soda  by  neutral  acetate  of  lead.  Would  it, 
however,  yield  the  same  result  when  decomposed  by  sulphuretted 
hydrogen  ?  would  it  prove  to  be  a  metaphosphate  of  lead  -f  2  atoms 
of  oxide  of  lead,  and  consequently  yield  metaphosphoric  acid  ?  or 
would  it  prove  to  be  the  real  tribasic  phosphate  of  lead,  yielding 
the  common  phosphoric  acid  ?  I  will  detail  an  experiment.  Meta- 
phosphate of  soda  was  prepared  by  ignition  of  microcosmic  salt. 
The  clear  glass  was  broken  up  in  a  mortar  and  dissolved  in  ice-cold 
water.  Into  this  solution  was  filtered  an  ice-cold  solution  ot 
tribasic  acetate  of  lead,  until  the  lead-salt  remained  slightly  in 
excess ;  the  whole  was  well  agitated,  thrown  on  a  filter,  and 
washed  with  ice-cold  water.  The  first  portions  of  the  precipi-tate 
produced  by  the  lead- salt  were  redissolved  in  the  excess  of  meta- 
phosphate ;  the  precipitate  permanently  resulting  had  a  granular 
appearance   and  was  very  easily  washed  •   the  washed    precipitate 
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was  mixed  with  water  and  decomposed  by  sulphuretted  hydrogen. 
The  whole  was  allowed  to  stand  in  an  evaporating  dish  for  about 
twenty  hours,  to  get  rid  of  the  excess  of  sulphuretted  hydrogen. 
It  was  then  filteied,  and  the  acid  filtrate  being  rendered  slightly 
ammoniacal,  nitrate  of  silver  was  added,  and  an  abundant  yellow 
flocculent  precipitate  took  place.  The  colour  was  not  so  deep  as 
that  produced  by  adding  nitrate  of  silver  to  common  phosphate  of 
soda,  but  still  it  was  decidedly  yellow,  quite  as  much  so  as  the  rind 
of  a  lemon.  This  experiment  was  repeated  several  times  with  slight 
modifications  in  its  mode  of  performance ;  sometimes  the  lead-salt 
was  added  to  the  metaphosphate,  sometimes  the  metaphosphate  to 
the  lead-salt;  sometimes  the  one  was  in  excess,  sometimes  the 
other ;  sometimes  the  crystalline,  and  sometimes  the  glassy  meta- 
phosphate was  employed.  In  a  few  instances,  to  avoid  waiting  for 
the  removal  of  the  excess  of  sulphuretted  hydrogen,  the  gas  was 
only  passed  through  a  portion  of  the  suspended  precipitate,  and 
when  that  portion  was  thoroughly  decomposed,  the  remainder 
added  little  by  little,  agitating  between  each  addition,  until  all 
odour  was  removed,  then  filtering  and  applying  the  silver-test  at 
once.  In  every  trial,  the  above-described  yellow  precipitate  was 
obtained :  from  the  same  filtrate  the  appearance  of  the  precipitate 
occasionally  varied  considerably,  according  to  accidental  circum- 
stances connected  with  the  precipitation,  &c.  In  no  case  was  meta- 
phosphoric  acid  entirely  absent,  although  sometimes  its  amount 
was  but  very  small.  A  portion  of  the  phosphate  of  lead  with 
which  the  above- detailed  experiment  was  made,  was  partly  analyzed. 

9*48  grs.  of  the  thoroughly  dried  precipitate  yielded  7*304  grs. 
of  oxide  of  lead,  whereas  to  have  been  a  real  tribasic  phosphate  it 
ought  to  have  contained  7' 811  grs. 

A  specimen  of  basic  sulphate  of  lead,  prepared  in  a  similar 
manner,  was  examined. 

969  grs.  of  the  thoroughly  dried  precipitate  yielded  8'35  grs.  of 
oxide  of  lead,  whereas  to  have  been  a  real  tribasic  sulphate  it 
should  have  yielded  8*66  grs. 

These  results,  at  the  first  glance,  seem  in  favour  of  the  idea  that 
the  tribasic  phosphates  should  be  represented  as  basic  salts  ;  but  by 
looking  at  the  subject  from  another  point  of  view,  we  shall  see 
nothing  extraordinary  in  the  fact  of  an  acid  salt  taking  up  base  to 
become  a  normal  salt,  especially  when,  as  in  the  preceding  instance, 
the  base  is  presented  in  a  sort  of  nascent  state. 

There  are,  however,  undoubtedly  certain  resemblances  between 
common  phosphates  containing  3  atoms  of  a  powerful  base,  and 
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ordinary  basic  salts,  in  the  same  manner  as  the  normal  salts  of 
teroxides  approximate  in  their  characters  to  acid  salts,  and  obvi- 
ously for  a  similar  reason — viz.,  that  in  the  one  case  the  tribasic 
acid  is  incapable  of  entirely  neutralizing  the  3  atoms  of  a  powerful 
base,  and  in  the  other  the  teroxide  is  incapable  of  saturating  the 
3  atoms  of  a  powerful  acid ;  and  it  is  probably  this  incapacity  for 
thoroughly  neutralizing  the  normal  proportions  of  a  powerful  base 
that  renders  the  phosphoric  acid,  like  the  boric,  eminently  fitted  to 
act  as  an  acid  adjunct. 

With  reference  to  the  constitution  of  such  bodies  as  common 

salt,  muriatic  acid,  &c.,  let  tt'  1 0"    represent    water.      If  we  r^' 

place  the  oxygen  by  chlorine,  we  shall  have  the  formula  tj/  [pv  ; 

but  whereas  the  symbol  of  water  is,  so  to  speak,  reduced  to  its 
lowest  terms,  the  symbol  of  hydrochloric  acid  is  obviously  capable 
of  division  into  2  equivalents  of  H'Cr,  so  that  in  reality  2  atoms 
of  hydrochloric  acid  are  required  to  represent  1  atom  of  water,  the 
reason  being  that  in  the  latter  case  the  separable  equivalents  of 
hydrogen  are  held  together  by  the  indivisible  oxygen.  But,  on  the 
other  hand,  we  may  represent  common  salt  and  other  similar 
bodies  as  analogues  of  the  double  atom  of  hydrogen.  If  in  water 
we  suppose  the  atom  of  oxygen  to  be  replaced  by  hydrogen,  we  get 

TT^    -      XT/  -TT/      "    r\y  T7-/  pi/ 

the  formula  tt/  i  tt/  precisely  analogous  to  ^,  \  ^y  and  ^,  \  p,,  ^ 

and  as  each  of  these  last  ones  splits  itself  into  2  equivalents  of 
chloride,  H'Cr  or  K'CF,  so  does  the  other  separate  into  2  equiva- 
lents of  hydride,  H'  H",  any  further  division  being  opposed  by  the 
antipolar  relations  of  the  atoms.  This  explains  how  it  is  that  in 
salts  we  not  unfrequently  find  such  compounds  as  KCl  substituted 
for  the  hydrogen,  as  seen  below  : 

H'  H'    lp.„      , 

TT/  H'     I        water 

K'  K'  }^' %pochlorite  of  potash 

1^/  ^         K  I       mtrate  of  potash 

K  K  f  ^    cyanate  of  potash 

1^/  T^f  I S'"  sulphocyanate  of  potash 
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According  to  the  above  table,  the  salts  on  the  right  hand  column 
are  considered  as  oxides  or  sulphides  of  independent  self-existing 
compounds,  and  I  believe  that  such  is  really  a  correct  mode  of 
representing  them ;  the  second  instance  is,  perhaps,  more  liable  to 
exception  than  the  others.  My  object,  however,  is  rather  to  show 
how  a  very  large  number  of  bodies  may  be  looked  upon  from  a 
single  point  of  view,  than  to  prove  that  in  every  instance  this  point 
of  view  is  necessarily  the  best  one  from  which  each  particular  object 
can  be  regarded. 

To  advert  briefly  to  some  of  the  most  important  advantages  ac- 
cruing from  this  view  of  the  constitution  of  salts,  and,  in  the  first 
place,  to  its  almost  unlimited  applicabihty.  By  the  adoption  of  an 
extremely  simple  type,  bodies  of  the  most  different  properties  are 
brought  together  under  a  common  formula ;  such  is  its  comprehen- 
siveness, that  salts  previously  considered  most  heterodox  in  their 
composition  are  included  with  as  much  facility  as  are  their  more 
normal  congeners. 

It  comprises  equally  well  the  compounds  derived  from  organic 
and  from  inorganic  chemical  action,  and  assimilates  them  to  one 
another  in  a  most  marked  degree. 

If  it  complicates  the  formulae  of  a  few  salts,  it  simplifies  the 
representation  of  very  many,  as  seen  particularly  in  the  cases  of  the 
citrates,  the  alums,  and  sulphates  ;  its  few  complications,  moreover, 
are  rather  apparent  than  real,  and  would  obtain  to  nearly  an  equal 
degree  in  the  old  modes  of  writing,  were  the  atom  of  hydrogen  and 
its  analogues  doubled. 

The  type  being  neutral  in  composition,  it  follows  that  all  the 
various  substances  formed  on  that  type  are  likewise  neutral  in 
composition ;  a  consideration  of  some  importance  as  illustrating  the 
simple  deductions  which  proceed  from  the  view.  It  explains 
clearly  the  mode  of  formation  of  normal  salts.  It  used  to  be 
considered  a  strong  argument  in  favour  of  the  binarj'^  theory  of  salts, 
that  it  accounted  satisfactorily  for  the  well-known  fact,  that 
when  an  atom  of  base  united  with  a  monobasic  acid  to  form  a 
normal  salt,  it  invariably  required  as  many  atoms  of  acid  as  itself 
contained  atoms  of  oxygen;  but  by  representing  salts,  in  accordance 
with  the  above-detailed  views,  as  substitution-products,  more 
especially  when  the  exponential  notation  is  adopted,  this  fact  will 
be  better  explained  than  even  by  the  binary  theory,  and  will  then 
appear  as  a  particular  illustration  of  a  general  law,  and  as  a 
necessary  consequence  of  the  substitutions  connected  with  the 
formation  of  the  salt :  thus 
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1^,  j  O,  K  having  a  single  representative  value,  is  replaced 
by  1  atom  of  N  O^  to  form  the  salt,    ^^'^j  q, 

Sn''  ]  ^2>  ^^  having  here  a  double  representative  value,  is 
replaced  by  2  atoms  of  NO'^  to  form  the  salt  ^  ^  ?'^  ^  O2' 

g-///  j  O3,    Bi  having  a  treble  representative  value,  is  replaced  by 

3  atoms  of  N  O2  to  form  the  salt      -d-///  ^  ]  O3,    and  so  on. 

In  common  with  the  binary  theory,  it  accords  but  one  explanation 
of  the  ordinary  action  of  easily  oxydizabie  metals  upon  acid 
solutions,   thus: 

^^,-fZn'  =  J,  +  H' 

|^)}2  0''+2Zn'  =  ^^'^2,|2  0^'  +  2  H' 

the  result  at  any  rate   being  that  the  zinc  in  each  case  simply 
replaces  the  hydrogen. 

And  lastly,  these  formulae  are  quite  in  accordance  with  the  atomic 
theory,  in  which  respect  they  differ  most  remarkably  from 
Gerhardt^s.  By  establishing  a  difference  to  the  eye  between  the 
atom  of  a  body  and  its  equivalent  or  substitution  value,  we  gain  a 
clearer  idea  of  the  precise  meaning  of  these  respective  terms.  Thus 
the  atom  of  bismuth  is  marked  with  three  dashes,  Bi'^',  to  indicate 
that  the  atom  of  bismuth  replaces  or  is  equivalent  to  three  atoms  of 
hydrogen,    and   so   on.     Gerhardt,   on   the   other   hand,    writes 

pi  >  in  which  bi  is  supposed  to  be  J  of  Bi» 

Such  then  are  my  reasons  for  applying  the  substitution  formulae 
to  the  inorganic  chemical  products.  I  do  not  consider  it  at  all  neces- 
sary to  the  integrity  of  these  views,  that  the  subordinate  compounds 
indicated  in  the  formulae  should  in  all  cases  be  considered  to  have 
an  actual,  much  more  an  independent  existence.  I  make  use  of 
them  only  as  representing,  among  the  many  possible  arrangements 
of  the  elements,  the  ones  which  I  consider  illustrate  the  most 
probable  action  of  the  affinities  concurring  in  the  production  of 
the  salt.     Even  were  it  otherwise,  however,   I   do  not  think  that 
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those  chemists  who  consider  silicate  of  soda  to  contain  ready 
formed  the  compound  Si  O^,  (NaSiOJ  and  that  the  tliree 
phosphoric  acids  contain  respectively  such  different,  and  out-of- 
the-way  compounds,  as  P  Og,  P  O^,  and  P  Og,  need  demur  at  such 
simple  subordinate  compounds  as  I  have  ventured  to  introduce. 


II. — Qyi    the    PlatinO'tersulphocyanides   and   the   Platino-bisulpho- 
cyanides,  two  new  series  of  salts,  and  their  decompositions. 

By  George  Bowdler  Buckton,  F.L.S. 

Although  the  salts  of  platinum  have  been  pretty  closely  studied  by 
chemists,  and  are  perhaps  found  to  be  more  numerous  than  those 
of  any  other  metal,  there  is  some  room  for  surprise  that  scarcely  any 
attention  has  been  paid  to  their  action  upon  sulphocyanogen  com- 
pounds. The  only  notice  I  have  been  able  to  find  of  a  sulphocyanide 
of  platinum,  is  that  made  by  Grotthus,  and  quoted  by  Brande,  stating 
it  to  occur  as  a  bulky  flocculent  precipitate  of  a  yellow  colour,  soluble 
in  acids  and  in  solutions  of  chloride  of  potassium  and  sodium,  but 
thrown  down  again  from  these  solutions  by  alcohol.  Hitherto, 
I  have  not  met  with  a  substance  answering  these  properties,  unless 
it  should  prove  to  be  identical  with  that  last  described  in  this 
paper. 

The  addition  of  bichloride  of  platinum  to  a  cold  solution  of  sulpho- 
cyanide of  potassium  alone  gives  rise  to  the  ordinary  double  salt, 
chloroplatinate  of  potassium,  with  disengagement  of  hydrosulpho- 
cyanic  acid.  If  on  the  other  hand,  a  strong  solution  of  sulphocyanide 
of  potassium  be  previously  heated  to  70°  or  80°  C,  there  is  no 
precipitation,  but  the  liquid  changes  to  a  deep  port-wine-red  colour, 
accompanied  with  a  rise  in  temperature.  On  standing,  this  solution 
deposits  a  multitude  of  brilliant  red  or  gold-coloured  plates,  which  are 
very  soluble  in  hot  water.  By  this  process,  much  waste  of  sulpho- 
cyanide of  potassium  is  unavoidable,  from  the  presence  of  free  hydro- 
chloric acid,  which  also  decomposes  the  new  compound  into  a  brown 
flocculent  precipitate,  if  the  temperature  rises  above  a  certain  point. 

A  more  profitable  operation  consists  in  dissolving  in  a  moderate 
quantity  of  water,  five  parts  of  pure  sulphocyanide  of  potassium, 
weighed  in  an  anhydrous  state,  which  is  best  obtained  by  fusion. 
Four  parts  of  dry  chloroplatinate  of  potassium  are  then  added  by 
dcgrtM's  to  the  solution,  combination  with  which  may  be  promoted  by 
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a  heat  regulated  below  tlie  boiling  point.  A  deficiency  of  the  suipho- 
cyanide  must  be  carefully  avoided,  as  in  such  a  case  the  above- 
mentioned  brown  product  is  an  invariable  result,  rendering  the 
purification  of  the  crystals  exceedingly  difficult.  After  filtering  the 
hot  liquid,  it  is  set  apart  to  cool,  when  the  new  salt  is  deposited  in 
beautiful  and  regular  hexagons,  often  of  a  large  size.  To  remove 
traces  of  chloride  of  potassium,  one  product  of  the  reaction,  the 
crystals  may  be  redissolved  in  boiling  alcohol,  and  passed  through 
a  filter  surrounded  with  hot  water,  a  necessary  precaution  to  prevent 
obstruction  from  a  too  rapid  crystallization.  The  solid  salt  dissolves 
in  12  parts  of  water  at  60°  C,  but  is  far  more  soluble  in  boiling 
water,  and  still  more  so  in  hot  alcohol.  The  crystals,  which  are  of  a 
deep  carmine  red,  belong  to  the  rhombohedral  or  three  and  one- 
membered  system.  From  the  alcoholic  solution  they  often  take  the 
form  of  double  six-sided  pyramids,  united  base  to  base  with  apices 
truncated ;  but  the  aqueous  solution  usually  furnishes  hexagonal 
plates. 

With  access  of  air,  this  substance  ignites  at  a  very  gentle  heat,  with 
a  blue  sulphurous  flame  and  peculiar  odour.  A  red  heat  resolves  it 
into  sulphocyanide  of  potassium,  gaseous  products,  and  reduced 
platinum.  In  common  with  all  the  soluble  salts  to  be  described, 
it  has  an  exceedingly  nauseous  taste,  and  the  colour  is  so  intense, 
that  one  drop  of  a  saturated  solution  will  give  a  distinct  yellow  tinge 
to  a  gallon  of  water. 

A  pure  solution  does  not  strike  a  blood-red  colour  with  sesqui- 
chloride  of  iron ;  but  such  a  mixture  becomes  nearly  black  and  opaque 
on  heating,  from  the  formation  of  a  substance  in  heavy  lustrous 
grains.  Caustic  potassa  converts  the  red  salt  into  a  red  gelatinous 
mass,  without  evolution  of  ammonia,  which,  however,  is  freely  dis- 
engaged on  ignition  with  soda-lime.  Acted  on  by  hydrosulphuric 
acid,  the  salt  is  resolved  into  hydrosulphocyanic  acid,  sulphocyanide 
of  potassium,  and  bisulphide  of  platinum.  It  is  also  decomposed  by 
concentrated  sulphuric  and  hydrochloric  acids.  The  action  of  nitric 
acid  will  be  afterwards  referred  to. 

The  dry  salt  is  quite  permanent  at  ordinary  temperatures ;  but  from 
its  inability  to  bear  a  high  degree  of  heat  without  decomposition, 
most  of  the  compounds  to  be  described  were  dried  in  vacuo  over 
sulphuric  acid,  previous  to  analysis. 

The  potassium  was  separated  by  precipitating  the  new  acid 
with  nitrate  of  silver.  After  removing  the  excess  by  hydrochloric 
acid,  the  alkali  was  weighed  in  the  form  of  chloroplatinate  of  potas- 
sium. 
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The  platinum  was  determined  by  igniting  the  bisulphide,  preci- 
pitated by  sulphide  of  ammonium. 

The  carbon  was  estimated  by  burning  the  substance  in  a  stream  of  air 
and  oxygen,  observing  the  usual  precautions  for  absorbing  traces  of 
nitrous  and  sulphurous  acids. 

And  here  I  may  be  allowed  to  bear  a  grateful  testimony  to  the 
readiness  and  convenience  in  determinations  of  this  kind,  afforded 
by  the  gas-furnace  for  organic  analysis,  lately  constructed  and 
described  by  Dr.  Hofmann.  From  the  abrupt  decomposition  and 
presence  of  both  sulphur  and  nitrogen  in  the  substances  to  be 
noticed,  their  determinations  may  be  said  to  present  more  than  usual 
difficulty.  Attention,  however,  to  slow  burning  is  all  that  is  necessary 
in  these  cases,  to  procure  accurate  results.  By  the  simple  addition  of 
another  tube  and  piston,  nitrogen  determinations  may  be  also  con- 
ducted with  great  neatness  and  accuracy. 

The  sulphur  was  determined  by  oxydizing  the  substance  with 
chlorate  of  potassa  and  hydrochloric  acid,  assisted  by  gentle  heat. 
Sufficient  boiling  water  was  then  added  to  hold  in  solution  any 
chloroplatinate  that  might  be  formed,  and  the  precipitate  from 
chloride  of  barium  was  filtered  off  whilst  hot.  This  method  was 
found  to  obviate  the  tedious  washings  which  are  necessary  when 
fuming  nitric  acid  or  a  nitrate  is  employed.  Its  substitution  is 
strongly  recommended  in  the  analysis  of  volatile  sulphuretted  com- 
pounds. 


I.     0-7554  grm. 

of  substance  gave  0-6030  grm 

.  of  chloroplatinate  of  potassium. 

I.  /  0-7050 

II.     0-9132 

III.  \  0-5980 

„          „     0-2230 

,      platinum. 

„     0-2876 

,       platinum. 

„     0-1900 

,       platinum. 

I.  (  1-0900 
II.  I  10160 

M     0-4582 

,       carbonic  acid. 

M     0-4390 

,       carbonic  acid. 

I.  /  0-7264 

II.     1-0044 

III.  \  0-6628 

M     1-5705 

,       chloroplatinate  of  ammonium 

„     2-1888 

,       chloroplatinate  of  ammonium 

M     1-4492 

,       chloroplatinate  of  ammonium 

I.     05628 

„     1-2600 

,       sulphate  of  baryta. 

II.     0-4030 

„     0-9096 

,       sulphate  of  baryta. 

The  correspon 

iding  percentages  to  thes 

e  numbers  are  : 

Potassiu 

m           12-73 

II.                         m. 

Platinun 

1            31-64                 3 

1-49                 31-77 

Carbon 

11.64                 1 

1-78                    — 

Nitroger 

1            13-54                 1 

3-56                 13-66 

Sulphur 

30-70                 S 

0-96                    — 

The  carbon,  nitrogen,  and  sulphur  are  therefore  in  the  proportion 
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to'  constitute  three  equivalents  of  sulphocyanogen.  Their  union 
with  one  equivalent  of  platinum  forms  the  new  radical,  which 
takes  up  another  equivalent  of  potassium  in  constructing  the  above 
salt. 

The  name  proposed  for  the  new  substance  is  platino-tersulpho- 
cyanide  of  potassium^  and  the  formula 

KPtC^NgSg,  or  KPt3CyS2. 

The  theoretical  and  experimental  numbers  are  subjoined  : 


1  equiv.  of  potassium 
1       „         platinum 
6       „         carbon 
3       „         nitrogen 
6       „         sulphur 


^ 

Theory. 

Experimental 
mean. 

39 

12-52 

12-73 

99 

31-73 

31-63 

36 

11-53 

11-72 

42 

13-46 

13-58 

96 

30-76 

30-83 

312  10000 


There  has  been,  therefore,  in  the  reaction  a  simple  substitution  of 
3  equivs.  of  sulphocyanogen  for  3  equivs.  of  chlorine  in  the  chloro- 
platinate  of  potassium  employed     Expressed  in  equation  ; 

K,  PtClg  +  3  KCySg = KPt  3  Cy 83  +  3  KCl. 

An  interesting  method  of  controlling  this  formula  presented  itself 
in  estimating  the  quantity  of  sulphocyanogen  in  the  compound,  thus 
comprising  in  one  analysis  the  whole  of  the  carbon,  nitrogen,  and 
sulphur  present.  A  solution  of  the  salt  was  precipitated  by  sulphide 
of  ammonium,  and  heated  on  the  water-bath  until  all  trace  of  free 
ammonia  was  lost.  After  adding  acetic  acid,  the  bisulphide  of  plati- 
num was  filtered  ofi^,  and  the  clear  liquid  treated  with  nitrate  of  silver. 
The  formation  of  acetate  of  silver  was  prevented  by  addition  of  a  few 
drops  of  nitric  acid. 

07150  grms.  of  substance  gave  1*1275  grms.  of  sulphocyanide  of 
silver,  equiv.  to  0*3999  grms,  of  sulphocyanogen.  Calculated  for  100 
parts. 

Required.  Found. 

3  equivs.  of  sulphocyanogen      55*76  55  90 

We  may  therefore  safely  infer  the  correctness  of  the  following 
equation  : 

K,  PtC6N3S6  +  2  NH,S  =  PtS^  +  KCySa  +  2(NH4CyS2). 
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Subplatino-tersulphocyanide  of  mercury  appears  immediately  as  a 
copious  curdy  precipitate  on  adding  nitrate  of  suboxide  of  mercury  to 
a  solution  of  the  new  potassium  salt.  It  is  of  a  deep  orange  colour, 
which  changes  to  a  pale  primrose-yellow  on  raising  the  liquid  to 
ebullition.  After  washing,  it  was  gathered  on  a  filter,  pressed  with 
paper,  and  dried  in  vacuo  over  sulphuric  acid.  Freed  from  water  it 
will  bear  a  considerable  temperature  without  change.  Heated  in  the 
air-bath  to  between  140°  and  150°  C.  it  suddenly  swells  up  into  a 
singular  metallic  and  arborescent  looking  substance,  showing  some 
resemblance  to  coarse  tea.*  At  the  same  time  there  is  a  rush  of  gas 
which  spontaneously  kindles. 

No  further  change  is  observed  up  to  250°,  but  below  redness,  mer- 
curial fumes  and  cyanogen  gas  are  liberated ;  and  finally,  if  exposed 
in  an  open  crucible,  the  mass  fires  like  tinder,  leaving  a  residue  of 
platinum. 


I.  0-5150  grm.  of  substance  gave  0*1076  grm.  of  platinum. 

II.  10010       „  „  „    0-2120         „      platinum. 

III.  0-9734       „  „  „    0-2052         „     platinum. 

IV.  0-9024       ,,  ,,  „    0-2534         „     carbonic  acid. 


which,  expressed  in  100  parts,  give : 


I. 

II. 

III. 

IV. 

Platinum 

20-87 

21-19 

21-08 

— 

Carbon 

— 

— 

— 

7-68 

iing  with  the  formula  : 

Hg2 

Pt3(CySJ. 

Theory. 

Experimental 

^ — ^^^  ^ 

— •-- — ^ 

mean. 

2  equivs. 

of  mercury 

200 

42-28 

— 

1     „ 

platinum 

99 

20-95 

2104 

6        „ 

carbon 

36 

7-61 

7-68 

3        „ 

nitrogen 

42 

8-87 

— 

6        „ 

sulphur 

96 

20-29 

— 

473 


100-00 


In  common  with  all  the  examined  salts  of  this  series,  subplatino- 
tersulphocyanide  of  mercury  yields  by  dry  distillation  in  a  retort,  the 


*  I  have  not  been  able  sufficiently  to  examine  this  compound  or  arrive  at  any  certain 
formula.      I  will  only  mention  that  0-7092  grm.  gave  by  ignition  0-1662  grm.  of  plati- 


num, which  is  equivalent  to  23-49  per  cent. 
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beak  of  which  is  placed  under  water,  much  bisulphide  of  carbon. 
This  circumstance,  together  with  the  fact  verified  by  experiment,  that 
nitrogen  also  is  a  product,  explains  the  brisk  evolution  of  gas^  and 
ready  inflammation  of  the  substance  noticed  above.  The  nitrogen  gas 
was  identified  by  conducting  the  reaction  in  a  sealed  tube,  and  sub- 
sequently collecting  the  gas  over  water. 

P latino -tersulpho cyanide  of  Iron. — When  a  slightly  acid  solution 
of  sulphate  of  iron  is  added  to  a  concentrated  solution  of  platino-ter- 
sulphocyanide  of  potassium,  a  black  crystalline  substance  falls,  which 
is  insoluble  in  water,  and  also  in  alcohol. 

Under  the  microscope,  these  grains  appear  as  shining  six-sided 
figures  with  rounded  edges.  They  are  not  afifected  by  dilute  sulphu- 
ric, hydrochloric,  or  nitric  acid,  but  concentrated  nitric  acid  dissolves 
them  with  formation  of  sulphuric  acid.  A  cold  solution  of  potassa 
converts  them  into  sesquioxide  of  iron,  and  a  yellow  liquid  containing 
platinum  and  sulphocyanogen. 

To  estimate  the  platinum  in  this  salt,  a  weighed  portion  w^as  dis- 
solved in  aqua  regia,  and  after  dilution  with  water,  hydrosulphuric 
acid  was  passed  in  excess,  and  the  precipitate  ignited.  The  filtrate 
treated  with  ammonia  gave  the  iron  as  sesquioxide.  The  other 
analyses  were  made  in  the  usual  manner,  portions  from  different  pre- 
parations being  employed. 


II.  ( 

il:S 

I. 


09966  grms.  of  substance  gave  0-1334  grms.  of  sesquioxide  of  iron. 
„  „  „  „     0-3317         „       platinum. 


1-0288 

I -01 00 
0-9938 
1-0513 
1-0044 
0-5956 
1-07172 


0-3317 
0-1426 
0-3412 
0-1448 
0-4321 
0-4475 
2-1888 
1-3360 
1-6775 


platinum, 
sesquioxide  of  iron, 
platinum. 

sesquioxide  of  iron, 
carbonic  acid, 
carbonic  acid. 

chloroplatinate  of  ammonium, 
chloroplatinate  of  ammonium, 
sulphate  of  baryta. 


The  percentage  composition  is 


Iron 

Platinum 

Carbon 

Nitrogen 

Sulphur 

The  formula  is : 


I. 
9-35 
33-29 
11-85 
13-50 
32-08 


n. 

9-51 
3316 
11-60 
13-96 


III. 
8-99 


FePtSCyS. 
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The  theoretical  and  experimental  numbers  are ; 

Theory.  Experimetal  Mean. 


1 1 

equiv. 

of  iron 

28 

9-30 

9-28 

1 

a 

platinum 

99 

32-90 

33  23 

6 

a 

carbon 

36 

11-96 

11-73 

3 

f) 

nitrogen 

42 

13.95 

13-73 

6 

>} 

sulphur 

96. 

31-89 

32-08 

301  10000 

A  substance  exactly  similar  in  appearance  and  general  character  is 
produced  by  substituting  the  salts  of  the  sesquioxide  of  iron.  It 
falls,  however,  only  on  boiling  the  mixed  solutions.  A  qualitative 
examination  is  all  that  I  have  been  able  to  bestow  upon  this  com- 
pound. 

PlatinO'tersulphocyanide  of  Silver  is  prepared  by  decomposing  a 
solution  of  the  potassium  salt  by  nitrate  of  silver.  It  is  a  heavy 
curdy  substance,  of  a  deep  orange  colour,  which  shrinks  and  aggluti- 
nates into  a  tenacious  mass  when  boiled  in  water,  but  again  hardens 
on  cooling.  A  gentle  heat  causes  the  dry  salt  to  swell  much,  igniting 
with  a  blue  flame  if  air  be  present.  It  is  fusible  by  the  blow-pipe 
into  a  metallic  bead  of  platinum  and  silver,  by  which  behaviour  it 
may  be  readily  distinguished  from  the  mercury  salt.  When  recently 
precipitated  it  is  soluble  in  cold  ammonia,  but  decomposition  ensues 
at  a  higher  temperature.  Nitric  acid  also  acts  energetically  upon  it 
with  disengagement  of  binoxide  of  nitrogen;  a  yellow  substance 
is  thrown  down ;  and  sulphuric  acid  is  formed  during  the  re- 
action. 

The  behaviour  of  hot  caustic  potassa  towards  the  silver  salt  pre- 
sented a  convenient  method  of  estimating  the  proportional  quan- 
tities of  the  platinum  and  silver  contained.  By  this  treatment, 
1  equiv.  of  platino-tersulphocyanide  of  silver  is  resolved  into  3 
equivs.  of  sulphocyanide  of  potassium,  with  precipitation  of  binoxide 
of  platinum  and  oxide  of  silver  in  the  form  of  a  black  heavy 
powder. 

Ag,  Ft  3(CyS2)  +3  K0  =  3  (K,  CyS^)  +  Pt02  + AgO. 

0-6513  grm.  of  substance  gave  by  igniting  the  oxides : 
0-3538       „       platinum  and  silver. 

0-9038       „       substance  gave  by  ignition  in  oxygen  and  air : 
0*3061       „       of  carbonic  acid. 
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This  accords  with  the  above  formula  for  the  silver-salt,  thus : 

Theory.  Found. 


1  equiv. 
1 

of  silver 
platinum 

108^ 
99  i 

54-33 

54-32 

6         „ 

carbon 

36 

9-44 

910 

3         „ 

nitrogen 

42 

11-12 

6         „ 

sulphur 

96 

25-11 

— 

381  100-00 

Here  it  may  be  mentioned  that  the  platino-tersulphocyanides,  in 
many  respects,  bear  a  strong  resemblance  to  the  sulphocyanides.  As 
an  example,  it  may  be  noticed  that  both  their  silver  salts  form  double 
crystallizable  compounds  with  sulphocyanide  of  potassium.  The 
parallellism  of  these  two  substances  is  further  carried  out  in  their 
immediate  decomposition  by  dilution  with  water.  In  the  case  of  the 
double  sulphocyanide  of  silver  and  potassium,  a  simple  separation 
of  the  two  salts  takes  place,  every  trace  of  silver  being  thrown  down 
as  sulphocyanide.  In  the  double  platinum  compounds,  the  reaction 
consists  in  a  transfer  of  the  potassium  to  the  platinum  acid,  and 
precipitation  of  the  silver  as  sulphocyanide.  This  last  substance 
(the  product  of  the  latter  experiment),  was  identified  by  analysis,  as 
well  as  by  a  careful  examination  of  its  properties.^  The  clear  red 
liquid  filtered  from  the  precipitate  consisted  of  a  solution  of  platino- 
tersulphocyanide  of  potassium.  Expressed  by  an  equation,  it  stands 
thus  : 

Ag  Pt3  (CyS,)  +  KCyS,=AgCyS2+KPt3  (CyS^). 

Platino-tersulphocyanide  of  silver  is  insoluble  in  an  excess  of  platino- 
tersulphocyanide  of  potassium. 

Platino-tersulphocyanide  of  Lead. — This  is  a  remarkably  beautiful 
substance,  thrown  down  in  the  form  of  innumerable  golden  plates,  on 
uniting  the  concentrated  solutions  of  acetate  of  lead  and  platino-ter- 
sulphocyanide of  potassium.      The  crystals,   which  are  minute,  but 


I.  0-8594  grm 


of  precipitate,  burnt  in  oxygen  and  air,  gave : 


0-2164       „       carbonic  acid,  or  687  per  cent  of  carbon. 
II.  0-8548       „       precipitate,  burnt  in  oxygen,  &c..  gave  : 
0-2196       „       carbonic  acid,  or  6-99  per  cent  of  carbon. 

Sulpliocyanide  of  silver  requires  : 

Calculated.         Experimental  mean. 
Carbon  7-23  6-94 
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very  regular  hexagons,  are  soluble  in  alcohol,  but  less  so  in  cold 
water,  with  which  they  should  be  well  washed  on  the  filter  for  purifi- 
cation, as  recrystallization  from  a  hot  solution  does  not  ofi*er  a  good 
method,  from  the  speedy  deposition  of  sulphate  of  lead  and  disengage- 
ment of  hydrosulphocyanic  acid  :  an  explanation  of  this  decompo- 
sition will  be  ofi'ered  when  we  treat  of  the  salts  of  the  next  series. 
The  general  properties  of  platino-tersulphocyanide  of  lead  are  such  as 
might  have  been  anticipated  from  the  examination  of  the  iron  and 
silver  compounds,  and  leave  no  doubt  of  its  composition.  Attempts 
were  made  to  obtain  analytical  numbers,  but  from  the  difiiculty  of 
procuring  the  substance  chemically  pure,  they  are  not  sufficiently 
accurate  for  insertion. 

A  subsalt  of  a  brilliant  red  colour,  insoluble  in  water  and  in 
alcohol,  is  precipitated  on  substituting  the  subacetate  of  lead  for  the 
neutral  acetate.  Its  ready  solubility  in  dilute  nitric  or  acetic  acid 
presented  the  most  ready  method  of  estimating  the  lead  in  combi- 
nation, by  precipitation  as  sulphate. 

0*5000  grm.  of  substance  gave  0*3100  grm.  of  sulphate  of  lead, 
equivalent  to  42*36  parts  of  lead  in  100. 

If  reliance  may  be  placed  upon  this  single  analysis,  it  satisfactorily 
points  to  the  basic  sulphocyanide  of  lead  as  its  analogue.  The  formula 
for  the  new  compound  thus  would  be : 

Pb,Pt3(CyS2)+PbO 
which  requires  for  : 

Theory.  Experiment. 

2  equivalents  of  lead  43*36  43*46 

A  substance,  similar  in  properties,  but  much  paler  in  colour,  may 
be  procured  by  the  addition  of  ammonia  (not  in  excess)  to  the  solution 
of  platino-tersulphocyanide  of  lead. 

Hydroplatino-tersulphocyanic  acid  is  most  conveniently  procured 
by  precipitating  a  warm  concentrated  solution  of  platino-tersulpho- 
cyanide of  lead  by  sulphuric  acid.  The  filtrate,  which  is  of  a  fine 
red  colour,  contains  the  new  acid,  which  is  capable  of  forming  all  the 
salts  above  described,  and  deports  itself  in  the  usual  manner  of  a 
true  acid.  From  its  deep  hue,  it  can  be  scarcely  proved  to  redden 
litmus  paper,  but  it  presents  a  decided  sour,  and  then  very  rough 
taste  to  the  tongue.  It  freely  displaces  carbonic  acid  from  the  alkalies, 
and  dissolves  metallic  zinc  with  liberation  of  hydrogen  and  pro- 
duction of  a  bright  yellow  insoluble  compound  hitherto  unexamined. 
When  concentrated  on  the  water-bath,  decomposition  speedily  com- 
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mences ;  and  on  approaching  dryness,  a  brown  amorphous  mass,  very 
rich  in  platinum,  remains  in  the  dish.  By  gentle  distillation,  an  acid 
liquid  passes  over  in  considerable  quantity,  accompanied  with  the 
odour  of  hydrocyanic  acid.  The  distillate  furnished  with  nitrate  of 
silver  a  copious  white  precipitate,  which  on  examination  proved  to 
be  a  mixtui'e  of  cyanide  and  sulphocyanide  of  silver.  The  aqueous 
and  alcoholic  solutions  of  this  acid  undergo  exactly  similar  reac- 
tions at  ordinary  temperatures,  and  for  this  reason  I  have  hitherto 
failed  in  procuring  the  acid  in  the  solid  state.  By  rapid  evaporation 
in  the  air-pump  over  sulphuric  acid,  a  confused  semi-crystalline 
mass  was  obtained;  but  this  gave  very  little  hope  of  furnishing 
numbers  likely  to  prove  the  exact  constitution  of  the  acid  in  its  solid 
condition. 

Platino-tersulphocyanide  of  Barium  is  a  deep  red  substance,  crys- 
tallizing in  long  flattened  prisms,  or  in  broad  laminse,  often  of  con- 
siderable size.  Obtained  by  dissolving  three  parts  of  dry  platino- 
tersulphocyanide  of  potassium  in  the  solution  of  one  part  of  chloride 
of  barium  in  water,  or,  as  an  excess  of  the  latter  is  desirable,  it  may 
be  in  the  proportion  of  nine  to  four.  After  evaporation  at  a  gentle 
heat,  the  mass  may  be  extracted  with  hot  alcohol,  which  dissolves 
nothing  but  the  new  salt.  It  does  not  appear  to  be  so  stable  as  the 
potassium-compound . 

Platino-ter sulphocyanide  of  Ammonium. — The  preparation  of  this 
salt  by  direct  union  of  the  acid  and  base  is  difficult ;  that  by  double 
decomposition,  however,  is  very  convenient.  One  part  of  dry  sul- 
phate of  ammonia  may  be  boiled  for  a  few  minutes  in  a  moderately 
strong  solution  of  3'5  parts  of  platino-tersulphocyanide  of  potassium. 
The  new  salt,  on  cooling,  may  be  separated  from  the  sulphate  of 
potassa  and  sulphate  of  ammonia,  the  last  of  which  is  purposely 
in  excess,  by  alcohol.  Another  solution  in  hot  water  is  requisite  to 
obtain  it  pure,  from  which  the  new  substance  is  produced  in  beautiful 
crimson  hexagonal  plates,  in  figure  much  resembling  thepotassium-salt. 
.It  is  quite  stable  at  ordinary  temperatures,  but  the  odour  of  sulpho- 
cyanic  acid  is  readily  perceived  on  boiling  the  aqueous  solution.  It 
gives  all  the  reactions  of  the  potassium-salt. 

0'5121  grm.  of  substance,  dried  in  vacuo,  gave        0*1750  grm.  of  platinum. 
0-8615         „  „  burnt  in  oxygen  and  air  0*3838       „      carbonic  acid. 

„  „  „  burnt  in  oxygen  0*1212       „      water. 

clearly  indicating  the  formula  : 

NlI„Pt3CyS2. 
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The  theoretical  and  experimental  numbers  are  ; 

Theory.  Experiment. 


1  equiv.  of  platinum 
6       ,i         carbon 

99 
36 

34-02 
12-37 

34-17 
1214 

4       „         hydrogen 
4       „         nitrogen 

4 
56 

1-38 
19-24 

1-56 

6       „         sulphur 

96 

32-99 

— 

291  10000 

Platino-tersulphocyanide  of  Sodium  is  best  procured  by  precipi- 
tating the  lead-salt  with  sulphate  of  soda.  It  readily  crystallizes  in 
broad  garnet-coloured  tables,  which  are  soluble  in  alcohol  and  in 
water. 

Platino-tersulphocyanide  of  Copper  is  precipitated  by  mixing 
solutions  of  sulphate  of  copper  and  platino-tersulphocyanide  of  po- 
tassium. It  first  appears  of  a  brickdust-red  colour,  which  speedily 
changes  at  the  boiling-heat  of  the  liquid  to  a  black  insoluble  powder. 
It  gives  a  fine  green  solution  with  ammonia,  but  the  addition  of 
hydrochloric  acid  reproduces  the  copper-salt  of  a  dark  brown  tint. 

General  remarks  upon  the  foregoing  compounds  are  perhaps  better 
deferred  until  something  has  been  said  with  reference  to  the  members 
of  another  series  which  have  arisen  from  the  search  after  analogous 
compounds  to  be  obtained  from  protochloride  of  platinum.  I  proceed, 
therefore,  to  the  consideration  of: 

Platinobisulphocyanide  of  Potassium. — Sulphocyanide  of  potas- 
sium dissolves  protochloride  of  platinum  with  the  production  of  great 
heat.  A  red  liquid  is  formed,  which  by  gentle  evaporation  yields 
crude  crystals  of  a  substance  showing  in  a  less  marked  degree  the  cha- 
racteristics of  the  former  group.  As  in  the  last  case,  the  best  method 
for  procuring  it  consists  in  acting  upon  the  double- salt  of  proto- 
chloride of  platinum  and  chloride  of  potassium  (chloroplatinite  of 
potassium"^)  with  sulphocyanide  of  potassium.  They  may  be  taken 
in  equal  parts,  provided  the  latter  contains  no  carbonate  of  potassa  or 
other  impurity.  It  is  only  necessary  that  it  should  be  in  excess. 
As  the  new  salt  is  exceedingly  soluble,  and  crystals  are  not  well 
obtained  by  evaporation,  the  sulphocyanide  should  be  used  as  a 
concentrated  solution,  and  not  too  much  of  the  platinum-salt  added 
at  a  time,  so  as  to  keep  the  temperature  within  moderate  limits.     A 

*  This  is  best  uhlaincd  hy  tieutraUziug  the  hydrochloric  solution  of  protochloride  of 
platinum  with  carbonate  of  potassa. 
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mass  of  small  needles  is  deposited  on  cooling,  which  should  be 
purified  from  chloride  of  potassium  by  strong  alcohol,  from  which 
again  the  salt  is  best  recovered  by  spontaneous  evaporation.  After 
pressing  between  paper,  to  remove  excess  of  sulphocyanide  of  po- 
tassium, the  salt  may  be  once  more  obtained  by  gentle  evaporation 
from  an  aqueous  solution. 

The  crystals  appear  in  stellar  groups,  and  under  the  microscope 
show  tapering  six-sided  prisms  of  a  fine  red  colour,  although 
not  so  intense  as  is  observable  in  the  potassium-salt  of  the  prior 
series.  At  60°  F.  they  readily  dissolve  in  2 J  parts  of  water,  but 
their  solubility  increases  at  a  higher  temperature,  and  in  warm 
alcohol  they  are  soluble  to  any  extent.  They  are  not  deliquescent, 
neither  are  they,  when  perfectly  dry,  apparently  affected  by  a  tempe- 
rature of  100°  C. ;  nevertheless,  for  analysis,  it  was  preferred  to  dry 
them  over  sulphuric  acid  in  the  usual  manner. 

Nothing  worthy  of  remark  is  to  be  observed  with  reference  to  the 
method  of  obtaining  the  numerical  details  here  appended. 

0-0132  grm.  of  substance  gave,  by  igniting  the  precipitate  from  sul- 
phide of  ammonium  : 

03920  „  platinum.  The  tiltrate,  evaporated  with  sulphuric  acid, 
gave : 

0-3455       „      sulphate  of  potash. 

1-0055       „       substance,  ignited  in  air  and  oxygen,  gave : 

0-3446       „       carbonic  acid. 

0  7060       „       substance,  ignited  with  soda-lime,  gave  : 

1-2000       „       chloroplatinate  of  ammonium. 

0-5140       „       substance,  digested  with  chlorate  of  potash  and  hydro- 
chloric acid,  gave  : 
0  9540       „       sulphate  of  baryta. 

The  numbers,  for  100  parts,  give  results  which  agree  most  nearly 
with  the  formula : 

KPtC^NsS, 

]  equiv.  of  potassium 

1  „        platinum 
4        „        carbon 

2  „        nitrogen 
4         „        sulphur 
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or  KPt2(CyS„). 

Theory. 

Experiujciit. 

39             15-38 

15-27 

99             38-98 

38-78 

24               9-44 

9-34 

28              11-02 

10-66 

64             25-18 

25-44 

254  100-00 
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The  constitution  of  this  salt  is  therefore  quite  in  accordance  with 
what  might  be  expected  from  the  modification  in  its  construction,  and 
since  2  equivs.  of  sulphocyanogen  are  found  to  replace  2  equivs.  of 
chlorine,  the  circumstance  may  be  employed  as  a  distinction  in  its 
name.  For  the  compound  last-described,  I  propose  the  designation 
platino-bisulphocyanide  of  potassium,  and  for  its  corresponding  acid, 
hydroplatino-bisulphocyanic  acid,  which,  although  not  euphonious, 
has  the  advantage  of  expressing  the  arrangement  of  its  ele- 
ments. 

The  solution  of  the  pure  salt  is  orange-red  ;  a  port  wine  colour 
denotes  impurity.  It  copiously  precipitates  silver  and  copper-salts, 
the  former  of  a  pale  yellow,  the  latter  of  a  purple-black.  No 
visible  change  is  produced  on  the  nitrate  of  the  suboxide  of 
mercury,  except  in  giving  a  red  tinge  to  the  liquid ;  and  no  charac- 
teristic precipitates  are  formed  with  nitrate  of  lead  or  protosulphate 
of  iron,  which  behaviour  marks  it  oflf  from  the  platino-tersulpho- 
cyanide  of  potassium,  and  furnishes  some  good  distinguishing  tests. 
It  forms  a  yellow  heavy  compound  with  subacetate  of  lead,  which  is 
readily  soluble  in  acetic  and  other  acids. 

Platino-bisulphocyanide  of  Silver  was  examined  as  a  control  to  the 
formula  of  the  potassium-salt.  It  is  a  curdy  substance,  not  unlike 
sulphocyanide  of  silver,  partially  soluble  in  ammonia,  with  decom- 
position. It  is  soluble  in  sulphocyanide  of  potassium,  which  solution 
appears  to  undergo  the  same  change  on  dilution  with  water  as  is 
observable  in  the  corresponding  silver-salt  of  the  previous  series. 

I.  0'7114grm.  of  substance,  dried  in  vacuo  and  fused  with  carbo- 
nate of  soda,  gave : 
0'4552       „      reduced  platinum  and  silver. 

substance,  ignited  in  air  and  oxygen  gas,  gave : 
carbonic  acid. 

substance,  ignited  in  air  and  oxygen  gas,  gave  : 
carbonic  acid. 

substance,  ignited  with  soda-lime,  gave  :  * 

chloroplatinate  of  ammonium. 

substance  gave,  by  ignition  with  chlorate  of  potash: 
sulphate  of  baryta. 

substance  gave,  by  ignition  with  chlorate  of  potash 
sulphate  of  baryta. 


II. 

0-9518 

)f 

0-2324 

» 

III. 

10137 

}i 

0-2595 

a 

IV. 

0-6106 

» 

0-8316 

a 

V. 

0-4454 

f) 

0-6084 

)> 

VI. 

0-4494 

>i 

0-6360 

}) 
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Expressed  in  percentage  composition  : 


Silver       | 
Platinum  ^ 

63-98 

— 

— 

— 

~         — 

Carbon 

— 

6-89 

6-98 

— 

—         — 

Nitrogen 

— 

— 

— 

8-53 

—         — 

Sulphur 

— 

— 

— 

— 

19-38    1941 

These  indicate  the  formula  : 

AgPt2(CyS,), 

as  may  be  seen  by  comparing  the  results  found,  with  the  theoretical 
requirements. 


Theory. 

Experimental 
mean. 

1  equiv. 
1         ii 

of  silver         108  | 
platinum     99  ' 

64-08 

63-98 

4        „ 

carbon         24 

7-45 

6-94 

2        „ 

nitrogen      28 

8-66 

8-53 

4        „ 

sulphur       64 

19-81 

19-40 

323  10000 

It  is  scarcely  necessary  to  mention  that  the  salts  of  both  acids  form 
powerful  detonating  mixtures  with  chlorate  of  potassa.  The  platino- 
tersulphocyanide  of  silver  in  particular  inflames  with  the  slightest 
friction  in  a  mortar,  accompanied  with  a  bright  flame  and  loud 
report.  Care  is  therefore  necessary  in  preparing  a  mixture  for 
analysis  by  a  large  dilution  with  carbonate  of  soda. 

Hydroplatino-bisulphocyanic  acid. — This  is  best  procured  by  a 
cautious  decomposition  of  the  baryta  salt  with  dilute  sulphuric  acid. 
The  aqueous  solution  is  speedily  decomposed  by  evaporation,  even 
in  vacuo,  during  which  process  there  is  an  oxidation  of  the  sulphur 
at  the  expense  of  the  water.  A  red  or  yellow  insoluble  deposit,  rich 
in  platinum  and  hydrosulphocyanic  acid,  are  the  principal  bodies 
formed,  the  former  of  which  will  be  noticed  in  treating  of  the  action  of 
oxidizing  agents. 

This  tendency  to  absorb  oxygen  has  been  slightly  touched  upon 
whilst  remarking  the,  almost  spontaneous  decomposition  of  platino- 
tersulphocyanide  of  lead  into  sulphate  of  lead  and  other  products. 
Some  knowledge  has  been  also  gained  whilst  searching  for  an 
explanation  of   the  frequent  escape  of  carbonic  acid    attending    the 
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solution    of     chloroplatinate    of    potassium     in    sulphocyanide    of 
potassium. 

This  effervescence  has  been  traced  to  the  carbonate  of  potassa, 
more  or  less  present  in  the  last  salt,  even  when  crystallized  from 
alcohol.  It  was  also  found  that  solutions  of  platino-tersulphocyanide 
of  potassium,  assisted  by  gentle  heat,  react  in  a  similar  manner  upon 
the  carbonate  with  a  partial  decolorization  of  the  liquid.  A  red  salt 
crystallizes  out,  which  in  no  way  differs  from  platino-bisulphocyanide 
of  potassium,  whilst  the  presence  of  both  sulphate  and  sulphocyanide 
of  potassium  is  recognized  in  the  filtrate.  The  first  action  seems  to 
consist  in  the  partial  abstraction  of  sulphocyanogen  from  the  platino- 
tersulphocyanide,  reducing  it  to  that  of  the  second  series.  Part  of 
this  sulphocyanogen  combines  with  part  of  the  potassium.  The 
sulphur  in  another  equivalent  is  acted  upon  by  the  liberated  oxygen, 
forming  sulphate  of  potassa,  whilst  the  cyanogen  is  left  to  combine 
with  the  remaining  potassium.  The  carbonic  acid  escapes  as  such. 
This  rather  complex  action  may  be  expressed  in  an  equation  which 
satisfies  all  the  requirements  : 

6  (K,  Pt  3Cy  Sg)  -f  8  {KCO3)  =  6  (K,  Pt  2Cy  S2)  +2  (KSOJ 
-f5(KCyS,)  +  KCy-f8C02. 

A  slight  modification  also  represents  the  change  observed  in  the 
lead-salt  by  ebullition  with  water.  The  sulphuric  acid  formed  by 
secondary  action  isolates  the  platinum  acid :    . 

6  (Pb,  Pt  3Cy  S2)  +  8  H0  =  6  (Pb,  Pt  2Cy  83)  +  2  (HSO^) 
+  5(HCyS3)  +  HCy. 

Long- continued  boiling  of  the  aqueous  solution  of  platino-tersul- 
phocyanide of  potassium  furnishes  also  the  same  result. 

Action  of  Ammonia  upon  the  platino-sulphocyanides. — The  be- 
haviour of  this  alkali  towards  these  compounds  is  interesting,  and 
differs  materially  from  that  shewn  by  bases  in  general  or  the  fixed 
alkalies.  If  carbonate  of  ammonia  be  added  to  a  cold  saturated 
solution  of  platino-tersulphocyanide  of  potassium,  the  liquid,  after  the 
lapse  of  a  few  minutes,  fades  in  colour  to  a  pale  yellow ;  an  effer-, 
vescence  sets  in;  and  after  two  or  three  hours,  a  considerable  quantity 
of  yellow  needles  radiate  in  all  directions.  The  same  effect  is  more 
expeditiously  obtained  by  using  caustic  ammonia  ]  but  in  this  case  it 
should  not  be  in  a  state  of  concentration,  as  an  insoluble  yellow 
substance  generally  contaminates  the  product,  and  much  reduces  its 
quantity.  These  crystals  thrown  on  a  filter,  may  be  well  washed  in 
cold  water,  in  which  they  are  but  little  soluble,  and  dried  without 
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heat.  If  required  of  great  purity,  they  may  be  again  dissolved  in 
warm  alcohol,  which  takes  up  more  of  the  substance  than  water. 
The  crystals  obtained  by  this  second  operation,  however,  are  never 
so  large,  but  are  of  a  finer  colour.  The  microscope  shews  them  to 
be  long  rhombic  prisms.  Heated  in  a  dry  test-tube,  they  are 
resolved  into  free  ammonia,  hydrocyanic  acid,  and  with  access  of  air, 
sulphurous  acid  and  metallic  platinum.  No  trace  of  bisulphide  of 
carbon  could  be  recognized  under  this  treatment,  which  is  a  departure 
from  the  behaviour  of  the  platino-sulphocyanides  in  general,  and 
indicates  a  separation  from  the  group. 

0*4885  grm.  of  salt  dried  in  vacuo  gave  on  ignition : 

0-2772  „  platinum. 

0'8093  „  salt  ignited  with  oxygen  and  air  gave : 

0"1986  „  carbonic  acid  and 

0-1320  „  water. 

0-5137  „  salt  from  another  sample  gave  with  soda-lime : 

1-3033  „  chloro-platinate  of  ammonium. 

0*4578  „  salt  ignited  with  chlorate  of  potassa: 

0-6192  „  sulphate  of  baryta. 

The  formula  deduced  from  the  percentage  composition  is : 


which  requires : 


PtC^H, 

N^S,, 

Theory. 

1    99"^ 

56^ 

12 

6-89 

n      3 

1-74 

28 

1609 

32 

18-39 

Experiment. 


1  equiv.  of  platinum  99  56*89  56-74 

2  „        carbon  12  6-89  669 

3  „  hydrogen  3  1*74  1*81 
2  „  nitrogen  28  16*09  15-89 
2        „        sulphur  32  18-39  18-55 

174  10000 

This  substance  shows  therefore  a  departure  from  the  general  series, 
and  indicates  a  splitting  up  into  compounds  of  a  different  type. 
An  examination  of  the  filtrate,  after  careful  addition  of  hydrochloric 
acid,  plainly  proved  that  the  decomposition  so  often  noticed,  here 
again  takes  place.  It  was  found  to  contain  sulphate  of  potassa, 
sulphocyanide  of  potassium  and  ammonium,  and  cyanide  of  ammo- 
nium.    The  change  in  the  molecular  arrangement  is  expressed  thus  : 

6  (K,  Pt  3  Cy  S.,)  +  8  NH4  O  =  6  (Pt  C2  Hg  N2  S^)  -f-  2  (KSOJ 
-f  4  (KCyS^)  +  2  (NH,  Cy  SJ  +  5  (HCy  S^)  +  HCy. 
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The  same  substance  is  more  readily  formed  also,  by  substituting 
platino-bisulphocyanide  of  potassium  for  platino-tersulphocyanide. 
As  the  filtrate  in  this  case  does  not  contain  a  sulphate,  the  action  is 
very  simple : 

KPt  2  Cy  S2  +  NH,  0  =  PtC^  H3  N^  S^  +  KCy  S^  +  HO. 

A  preparation  was  made  after  the  latter  method  and  ignited,  when 
it  was  found  that, 

0'4100  grm.  of  salt  gave  0'1986  grm.  of  platinum. 

Theory  requires   56*89.      Experiment  gave  5668  per  cent. 

As  the  probability  was  against  the  above  formula  truly  expressing 
the  constitution  of  the  substance,  some  light  was  anticipated  by  a 
regrouping  of  its  elementary  particles.  An  intelligible  form  pre- 
sented itself  on  considering  the  hydrogen  and  part  of  the  nitrogen  as 
ammonia,  which  its  behaviour  at  a  high  temperature  appeared  to 
justify,  and  uniting  the  carbon,  sulphur,  and  the  rest  of  the  nitrogen  as 
sulphocyanogen.  Taking  sulphocyanide  of  ammonium  as  the  type, 
and  substituting  an  equivalent  of  platinum  for  one  equivalent  of 
hydrogen,  we  then  have  the  sulphocyanide  of  platosammonium 
(Reiset^s  first  platinum  base). 

H  fPt 


N- 


TT 

Ti  Cy  Sg        by  substitution  N 
H 


nCyS, 
H 


A  ready  proof  of  this  supposition  presented  itself  in  the  direct 
comparison  of  the  two  salts.  The  preparation  of  the  latter  by  double 
decomposition  is  not  difficult.  One  part  of  fused  sulphocyanide  of 
potassium  may  be  dissolved  in  water,  and  1'6  parts  of  chloride  of 
platosammonium  added.  After  raising  the  mixture  nearly  to  the 
boiling  point,  an  equal  bulk  of  hot  alcohol  is  shaken  with  the  liquid 
to  increase  the  solubility  of  the  new  substance,  and  the  whole  is 
passed,  whilst  hot,  through  a  filter  paper.  On  cooling,  straw-coloured 
needles  are  deposited,  which  exhibit  all  the  properties  of  the  former 
compound,  the  identity  with  which  was  still  further  shown  by  i. 
quantitative  analysis. 

0-6120  grm.  by  ignition  gave  0*3470  grm.  of  platinum,  representing 
the  formula : 

PtHgNCyS^. 

The  composition  for  100  parts  requires  by  theory,  56*89  of  plati- 
num ;  the  quantity  found  was  56*69. 
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Sulphocyanide  of  platosammouium  is  indifferent  to  the  action  of 
dilute  sulphuric  or  hydrochloric  acid.  The  aqueous  solution  does 
not  affect  salts  of  copper,  lead,  or  mercury,  but  precipitates  nitrate  of 
sulphate  of  silver  as  a  bulky  and  pale  yellow  compound,  which  is 
rich  in  platinum.  This  precipitate  requires  more  study  than  has  as 
yet  been  bestowed  upon  it.  The  aqueous  solution  by  long  boiling 
liberates  ammonia,  and  deposits  the  yellow  insoluble  substance  above 
alluded  to,  the  composition  of  which  is  yet  uncertain.*  Caustic 
potassa  appears  to  effect  the  same  change.  A  temperature  between 
100°  and  110°  C,  causes  the  salt  to  fuse  into  a  clear  garnet-coloured 
syrup,  which  hardens  on  cooling,  and  does  not  appear  to  be  further 
affected  by  a  rise  to  180°  C. 

Before  dismissing  this  portion  of  the  subject,  there  appears  to  be 
yet  another  point  of  view  from  which  the  salt  might  be  regarded. 
Although  no  doubt  was  entertained  of  the  correctness  of  the  last 
formula,  some  interest  seemed  to  be  attached  to  the  circumstance  of 
its  polymerism  with  another  body  not  hitherto  prepared.  I  have 
recently  had  occasion  to  show  that  cyanogen  gas,  acting  on  oxide  of 
diplatosammonium,  produces  the  platinocyanide  of  that  base,  the  for- 
mula of  which  is  double  that  assigned  by  Reiset  to  the  decomposi- 
tion. The  true  cyanide  of  platosammouium,  further,  may  be  obtained 
from  the  corresponding  chloride,  by  acting  with  cyanide  of  potassium. 
Just  in  the  same  manner  we  might  expect  a  parallelism  between 
platino-bisulphocyanide  of  diplatosammonium  and  sulphocyanide  of 
platosammouium.     This  may  be  more  readily  intelligible  thus  : 

2(PtH3N,  Cy)  =PtHgN2,  PtCy^  and  SPtHgN,  CySs^PtHgNo,  Pt2CyS2 

Cyanide  of  plato-        Platinocyanide  of  Sulphocyanide  of    Platino-bisulphocj  anide 

sammonium.  diplatosammonium.  platosammonium.      of  diplatosammonium. 

Platino-bisulphocyanide  of  diplatosammonium  falls  as  a  voluminous 
flesh-coloured  precipitate,  on  decomposing  the  chloride  of  the  base  by 
a  soluble  platino-bisulphocyanide.  It  is  quite  insoluble  in  water,  and 
also  in  alcohol.  Dilute  hydrochloric  acid  dissolves  it  rather  freely. 
When  heated  on  platinum  foil,  it  liberates  am  moniacal  gas,  fuses  into 
a  black  bubbling  mass,  and  then  burns  tinder-like  to  a  bright  platinum 
sponge. 

0-8576  grm.  of  substance  ignited,       .         .         .  gave  04896  gim.  of  platinum. 

»  „  „        ignited  in  oxygen  „     0*2090       „       carbonic  acid. 

M  M  „        ignited  in  oxygen  „     0-1460       „       water. 

0-2656        „  „        ignited  with  chlorate  of  „  |  01512       „       platinum. 

potassa  and  carbonate  of  soda        .         .     „  |  0*3617       „       sulphate  of  baryta. 

*  A  well-washed  sample  gave  on  ignition  as  much  as  92*27  per  cent  of  platinum. 
It  contains  sulphur  and  the  elements  of  ammonia. 
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leading  to  the  formula  : 

PtHeN^,  Pt2(CyS2). 
The  theoretical  and  experimental  numbers  are  appended. 


2  equivs.  of  platinum 
4         „         carbon 
6         „         hydrogen 
4         ,,         nitrogen 
4         „         sulphur 


Theory. 

Mean  found, 

198 

^^5?90 

56-94 

24 

6-90 

6-65 

6 

1-72 

1-89 

56 

1609 

— 

64 

18^39 

18-62 

348  10000 


On  the  action  of  Chlorine  Gas  and  Nitric  Acid  upon  the  Platino- 
sulphocyanides. — An  examination  in  this  direction  seemed  to  be  de- 
sirable, from  the  belief  that  the  above  decomposition  did  not  show  the 
full  extent  of  oxidation,  to  which  the  salts  of  either  series  might  be 
carried.  When  commenting  upon  the  acids,  it  was  mentioned  that 
their  aqueous  solutions  were  resolved  by  heat  into  a  red  or  brown 
amorphous  substance,  hydrosulphocyanic  and  sulphuric  acids.  The 
same  brown  compound  is  formed  by  pouring  warm  concentrated 
nitric  acid  on  the  powdered  potassium  salts.  Experiment  also  proved 
that  if  a  warm  and  rather  concentrated  solution  of  platino-tersulpho- 
cyanideof  potassium  be  subjected  to  a  stream  of  chlorine,  the  tempera- 
ture rises  considerably  during  the  absorption  of  the  gas.  By  decom- 
position of  water,  the  chlorine  passes  into  hydrochloric  acid,  and  the 
liberated  oxygen  converts  the  greater  part  of  the  sulphur  into  sul- 
phuric acid.  The  first  of  these  acids  may  be  removed  by  evaporation 
on  the  water-bath,  and  the  latter,  after  careful  neutralization  with 
carbonate  of  soda,  by  a  thorough  washing  with  hot  water,  which  at 
the  same  time  carries  off  the  whole  of  the  potassa  as  bisulphate. 

During  evaporation,  the  odour  of  hydrocyanic  acid  is  very  percep- 
tible. The  new  substance  on  the  filter  appears  of  all  shades  of  colour, 
from  a  bright  red  to  a  dirty  brown.  It  may  be  dried  at  a  gentle  heat, 
and  then  has  the  form  of  a  light  non-crystalline  powder,  strongly 
soiling  the  hands,  insoluble  in  water  and  in  alcohol,  but  before  drying 
slightly  soluble  in  hydrochloric  acid.  It  is  unaffected  by  a  solution 
of  potassa,  but  ammonia  changes  its  colour  to  a  yellow  hue. 

When  ignited  in  a  close  crucible,  vapours  of  bisulphide  of  carbon 
and  cyanogen  gas  are  disengaged,  and  the  solid  residue  consists  of 
bisulphide  of  platinum.  The  action  of  concentrated  nitric  acid  is 
quite  similar.  Hydrocyanic  acid  and  nitrous  fumes  are  given  off,  and 
in  general  the  insoluble  residue  is  produced  of  a  brighter  colour. 
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The  following  numbers  were  obtained  on  its  analysis : 
0  3700  grm.  of  substance  ignited      .      gave  0*2304  gnn. of  platinum. 


0-8964 

burnt  in  oxygen                     „ 

0-2800 

„ 

carbonic  acid. 

„ 

burnt  in  oxygen                     ,, 

0-0320 

„ 

water. 

0-7334 

burnt  with  soda-lime             „ 

1-1600 

,, 

chloroplatinate  of  ammonium. 

0-5146 

burnt  with  chlor.  of  potassa   „ 

0-7048 

„ 

sulphate  of  baryta. 

1-0704 

a  different  sample                  „ 

0-6639 

M 

platinum. 

,, 

burnt  with  oxygen                 „ 

0-3426 

,, 

carbonic  acid. 

>> 

burnt  with  oxygen                 „ 

0-0448 

M 

water. 

I  regret  that  I  have  been  unable  to  prepare  this  substance  in  such 
a  state  of  purity  as  to  place  its  true  composition  beyond  all  doubt.  I 
had  anticipated  from  its  mode  of  formation  a  substance  which  bears 
towards  the  platino-sulphocyanides,  the  same  relation  which  the  so- 
called  solid  sulphocyanogeu  bears  towards  the  sulphocyanides.  If, 
however,  we  calculate  the  water  as  such,  it  will  give  an  excess  in 
the  experiments  of  more  than  3  parts  in  the  100  taken ;  and  the 
discrepancies  between  the  other  constituents  will  be  found  as 
great.  I  am  therefore  inclined  to  suppose  that  the  hydrogen  is  partly 
accidental,  and  that  as  the  formula  adopted  has  the  recommendation 
of  great  simplicity,  and  satisfies  all  the  conditions  observed  in  the 
reaction,  it  will  ultimately  prove  to  be  correct.  I  have  thought  it 
better,  in  addition  to  the  theoretical  and  experimental  numbers,  to 
give  the  ratio  in  parts  of  a  unit  between  the  component  parts,  which 
places  their  relation  in  a  clearer  point  of  view.  The  formula  of 
protosulphocyanide  of  platinum  is  ; 

PtCyS,. 

Theory.  Found.  Mean.     Ratio. 


1  equiv. 

of  platinum 

99 

63-05 

62-27 

6202 

62-14 

1-0 

1 

carbon 

12 

7  61 

8-53 

8-72 

8-62 

23 

1          „ 

nitrogen 

14 

8-93 

9-92 

— 

9-92 

11 

2         „ 

sulphur 

32 
157 

20-38 

18-77 

■""* 

18-77 

1-9 

100-00 

Hydrogen 

. 

. 

.     0-39 

0-15 

0-42 

0-6 

99-87 

There   remains  only  to   show  by  equation  this  decomposition  by 
chlorine  gas.     The  reaction   is  strictly  in   character  with  those  before 

noticed. 

« 

K,Pt3CyS,+  llCl  +  16HO=:PtCyS.,-(-M2SO,  +  2HSO, 
+  llliCl-f2HCy. 
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The  platlno-sulpliocyanides  possess  characters  so  distmct  from 
other  salts,  that  there  is  no  likelihood  of  confounding  them  with  other 
known  compounds.  They  are  all  highly  coloured,  and  take  all  gra- 
dations from  pale  and  bright  yellow  to  deep  red.  This  colour  appears 
attendant,  in  a  great  measure,  upon  the  quantity  of  sulphur  combined 
with  the  platinum,  since  the  intensity  is  more  remarkable  in  the  first 
than  in  the  latter  series,  and  is  nearly  lost  in  the  sulphocyanide  of 
platosammonium . 

Their  ready  inflammability,  and  peculiar  odour  when  gently  heated, 
may  also  be  considered  as  characteristic.  The  separation  of  the  two 
series  is  well  marked  by  their  different  action  on  reagents,  which  for 
better  illustration  has  been  arranged  in  the  following  table,  repre- 
senting the  precipitation  or  non-precipitation  of  a  soluble  salt  of  each 
series. 


Reagents. 

Platino-tersulpliocyanides. 

Platino-bisulphocyanides. 

Subsalts  of  mercury    .     .     . 

Orange  precipitate  .     .     . 

No  precipitate,  liquidchanges 
colour  on  heating. 

Salts  of  silver 

Red  or  orange  precipitate 

Pale  yellow  precipitate. 

Protosalts  of  iron  .... 

Black  shining  grains    .     . 

No  change. 

Salts  of  copper      .... 

Brick-red  precipitate  .     . 

Purplish-black  precipitate. 

Subsalts  of  copper      .     .     . 

Rich  brown  precipitate    . 

Purplish-black  precipitate. 

Salts  of  cobalt 

Orange-red  precipitate     . 

No  change. 

Salts  of  lead 

Soluble  golden  laminae     . 

No  change. 

Basic  salts  of  lead       .     .     . 

Fine  red  precipitate     .     . 

Pale  yellow  precipitate. 

Persalts  of  gold     .... 

Salmon-coloured  precipi- 

tate     

Salmnn  nrpriiiitatft. 

Ferrocyanide  of  potassium  . 

Prussian  blue  formed  on 

A  nearly  white  precipitate 

boiling 

on  boiling. 

Chromic  acid 

No  precipitate    .... 

A  copious  reddish  precipi- 
tate, with  evolution  of 
hydrocyanic  acid. 

Salts  of  platosamine   .     .     . 

Copious    orange    precipi- 

tate      

Fine  yellow  precipitate. 

Salts  of  diplatosamine     .     . 

Fine  vermilion-red  preci- 

pitate  

Flesh-coloured  precipitate. 

The  ready  conversion  of  the  sulphur  in  these  compounds  into 
sulphuric  acid,  in  presence  of  water,  is  shown  in  an  interesting 
manner  by  their  action  upon  metallic  zinc.  Aqueous  solutions  of  the 
potassa  salt  are  resolved  into  platinum  black,  hydrosulphocyanic  acid, 
sulphate  of  potassa,  and  free  sulphuric  acid,  which,  acting  upon  the 
zinc,  liberates  a  considerable  quantity  of  hydrogen  gas. 

A  few  general  remarks  upon  the  constitution  of  the  platino-sulpho- 
cyanides  may  not  be  considered  here  misplaced.  Viewing  them  ac- 
cording to  Berzelius's  explanation  of  the  ferrocyanides,  they  must 
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be  taken  as  double  compounds  of  protosulphocyanide  and  bisulpho- 
cyanides  of  platinum  with  a  metallic  sulpbocyanide,  or  hydrosulpho- 
cyanic  acid ; 

Platino-cyanides.  Platino-bisulphocyanides.  Platino-tersulphocyanides. 

MCy  +  PtCy        M  Cy  Sg  +  Pt  Cy  83         M  cTX+^tTcy  83 

whilst,  on  the  more  generally  received  idea,  they  contain  two  separate 
radicals  of  acid  character,  forming  salts  upon  the  hydrochloric  acid 
type.  The  similarity  of  action  between  sulphur,  oxygen,  chlorine, 
cyanogen,  &c.,  in  combination  has  been  frequently  remarked.  In- 
stances of  substitution  of  sulphur  for  chlorine  may  be  seen  in  the 
reactions  of  sulphide  of  potassium  upon  hydrochloric  ether  and 
Dutch  liquid. 

Throughout  this  Paper,  I  have  assumed  the  existence  of  chloro- 
platinous  and  chloroplatinic  acids,  from  the  close  similarity  they 
bear  towards  the  platino-sulphocyanides ;  and  I  think  an  argu- 
ment in  favour  of  their  existence  may  be  found  in  the  construction  of 
the  latter  from  the  former  by  simple  substitution  of  sulphocyanogen 
for  chlorine.  In  the  same  manner  we  construct  the  platino-cyanides, 
by  exchanging  chlorine  for  cyanogen,  although  at  present  we  want 
the  higher  number  in  the  series.  This  will,  doubtless,  turn  up 
upon  a  careful  search.     We  have  thus  : 

Platiiio-chlorides  or  Platino-  Platino-sulpho- 

chloro-platinides.  cyanides.  cyanides. 

M,  Pt  CI3  missing  M,  Pt  3  Cy  S, 

M,  Pt  CI2  M,  Pt  Cyg  M,  Pt  2  Cy  S^ 

Some  interest  attaches  to  the  new  acids  from  the  large  number  of 
sulphur-atoms  they  contain. 

Platino-tersulphocyanide  of  potassium  presents,  I  believe,  the  first 
instance  of  the  union  of  sulphur  with  the  triple  cyanogen  group, 
represented  by  the  cyanurates,  in  which  all  the  oxygen  is  replaced  by 
sulphur.  The  analogy  is  not,  however,  strict  between  them,  since 
it  will  be  seen  that  in  the  new  compounds  only  2  equivs.  of  hydrogen 
are  replaced  by  metals.  The  same  objection  does  not  apply  with 
reference  to  the  fulminates. 

In  conclusion,  notice  should  be  taken  of  a  crystalline  compound 
described  by  Claus,  which  is  prepared  by  acting  upon  bisulpho- 
cyanide  of  mercury  with  sulphocyanide  of  potassium.  From  the  for- 
mula given,  which  is  K  Cy  S.2  +  2  HgCy  Sg,  it  is  clearly  a  double  com- 
pound, and  therefore  has  but  little  resemblance  or  connection  with 
the  substances  above  described. 
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III. — Analysts  of  the  Ash  of  Lemon- J  nice. 
By  Henry  M.  Witt, 

Assistant  in  the  Royal  College  of    Chemistry  (the  Lahoratories  of  the  Metropolitan 

School  of  Science.) 

The  following  analysis,  having  for  its  object  the  determination  of 
the  mineral  constituents  in  the  juice  of  lemons,  was  made  during  the 
early  part  of  last  summer,  in  the  laboratory  of  the  Royal  College  of 
Chemistry,  under  the  superintendence  of  Dr.  Hofmann,  and  at  the 
request  of  Dr.  Bence  Jones. 

Preparation  of  the  Ash. — The  lemons  (200  in  number)  were  peeled 
with  a  bright  steel  knife,  care  being  taken  in  so  doing  to  avoid  as 
much  as  possible  cutting  into  the  juicy  endocarp,  and  thus  bringing 
the  acid  in  contact  with  the  steel  knife ;  the  juice  was  then  expressed 
by  a  hand-squeezer  of  wood  (without  any  metallic  hinges),  and  filtered 
through  flannel  into  a  porcelain  dish,  in  which  it  was  evaporated  to 
the  condition  of  a  black  carbonaceous  mass,  then  transferred,  a 
portion  at  a  time,  into  a  platinum  dish,  and  ignited  until  perfectly 
white. 

A  qualitative  examination  was  first  made,  which  indicated  the 
presence  of  potassa,  soda,  lime,  magnesia,  and  sesquioxide  of  iron ; 
of  silicic,  phosphoric,  sulphuric,  hydrochloric,  and  carbonic  acids. 
A  separate  and  very  careful  examination  was  made  for  alumina,  but  it 
was  not  detected;  manganese  was  also  separately  tested  for,  but  not 
found. 

As  regards  the  plan  followed  in  performing  the  quantitative  analysis^ 
it  differed  in  no  respect  from  that  generally  adopted. 

Without  entering  into  details,  it  may  be  stated  that  the  part 
insoluble  in  hydrochloric  acid  consisted  of  silica  and  carbonaceous 
matter.  In  one  portion  of  the  hydrochloric  solution,  the  phosphate 
of  iron,  the  lime,  magnesia,  and  phosphoric  acid,  were  determined  ; 
whilst  separate  portions  of  the  solution  were  employed  for  the 
alkalies  and  for  sulphuric  acid ;  a  nitric  acid  solution  being  used  for 
the  determination  of  hydrochloric  acid  ;  and,  lastly,  a  distinct  portion 
of  the  ash  was  reserved  for  estimating  the  carbonic  acid. 

The  phosphoric  acid  was  determined  as  ammonio-magnesian- 
phosphate  in  the  dilute  solution,  to  which  acetate  of  potassa  had  been 
added,  after  separation  of  the  lime  by  oxalic  acid. 

The  following  are  details  of  the  results  obtained. 
1.  Determination  of  silica. 

Weight  of  ash  employed.  Silica  obtained.  Percentage. 

I.     59-3835  gnis.  0355  grn.  0-5986 

II.     23-6165    „  0-128    „  0-542 
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24-5077  grns. 


0-230  gm. 
0-219 


Carbonate  of  lime  obtained. 
3-354  grns. 
1-353     „ 


2.  Determination  of  carbon. 

Weight  of  ash  employed.  Carbon  obtained 

I.     59-3835  grns.'  0-0615  grn. 

3.  Determination  of  phosphate  of  iron. 

Weight  of  ash  employed.     Phosphate  of  iron  obtained 

I.     24-5077  grns. 
II.     18-276       „ 

4.  Determination  of  lime. 

Weight  of  ash  employed. 
I. 

11.     18-276 

5.  Determination  of  magnesia. 

Pyrophosphate  of 
Weight  of  ash  employed.  magnesia  obtained. 

I.     18-276  grns.  1-644  grns. 

II.     23-6165    „  2-2385  „ 

6.  Determination  of  phosphoric  acid. 

a.  In  combination  with  lime  : 

Pyrophosphate  of 
Weight  of  ash  employed.  magnesia  obtained. 

I.     18-276  grns.  0-402  grns. 

II.     16-242    „  0  520    „ 

/3.  In  combination  with  magnesia  : 

Pyrophosphate  of 
Weight  of  ash  employed.  magnesia. 

I.     18-276  grns.  1*644  grns. 

II.     23-616    „  2-2385    „ 

7.  Determination  of  the  alkalies. 

I. 
Weight  of  ash  employed  .         .  .     10-84      grns 

Weight  of  mixed  chlorides  obtained  .       7-970       „ 
Corresponding  to  per  cent  of  mixed  i.g.gogr 

alkalies  (KO  and  NaO)  .  .  j 

Weight  of  potassium   platinum-salt  "I  ok. 077 

(KCl,  PtCl2)  obtained  .         .  ]  ^^  ^^  ^       ^^ 

hence  : 

Percentage  of  potassa      .         •         •     44*251       „ 
soda  .         .         .       1*6845     „ 

8.  Determination  of*sulphuric  acid. 


Weight  of  ash  employed. 

I.     8-7795  grns.' 
II.     6-018      „ 


Sulphate  of 
baryta  obtained. 

3*159  grns. 

2-069     „ 


Percentage. 

0-1035 


Percentage, 

0-9385 
1-198 

Percentage  of  hme. 

7-6631 
7-4059 


Percentage  of 
magnesia. 

3  2124 
3-385 


Percentage  of 
phosphoric  acid. 
1-4146 
20582 


Percentage  of 
phosphoric  acid. 

5-7825 
5-7106 


11-948  grns. 
9-04    „ 

45-9446 
26-700   „ 


43-545 
2-3996 


Percentage  of 
sulphuric  acid. 

12-354 
11-802 
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9.  Determination  of  carbonic  acid. 


Weight  of  ash  employed. 
I.     15-517  grns. 


Carhonic  acid  evolved. 
3  02  grns. 


10.  Determination  of  chlorine. 

Weight  of  ash  employed.     Chloride  of  silver  obtained. 
I.     8-7795  grns.  0-429  grns. 

II.     6018       „  0-295     „ 


Percentage. 

19-462 


Percentage. 
1-2079  grns. 
1-2090     „ 


The  following  table  is  a  synopsis  of  the  preceding  results  : 
Alkalies  (KO  and  NaO)     45-9355 


II. 
45-9446 


mean. 

45-9400 


Potassa 

Soda 

Lime 

Magnesia  . 

Sulphuric  acid 

Chlorine     . 

Carbonic  acid 

Phosphoric  acid 

Phosphate  of  iron 

Silica 

Carbon 

Alumina 

Manganese 


44-251 
1-6845 
7-6631 
3-2124 

12-3540 
1-209 

19-462 
7-1971 
0-9385 
0-5986 
01035 


43-545 
2-3996 
7-4059 
3-385 

1-2079 

7-7691 

1-198 

0-542 


absent. 


43-8984 
21416 
7-5345 
3-2987 

12-3540 
1-2084 

19-4620 
7-4829 
1-0682 
0-5700 
01035 


991222 


The  preceding  numbers,   after  deducting  the  charcoal^  give   the 
following  as  the  percentage  composition  of  the  ash  : 


Potassa 

44-34 

Soda 

2-16 

Lime 

7-61 

Magnesia 

3-34 

Sulphuric  acid 

12-47 

Carbonic  acid 

19-66 

Chlorine 

1-23 

Phosphoric  acid    . 

7-56 

Phosphate  of  iron 

1-06 

Sihca  . 

0-57 

10000 
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These  constituents  may  be  assumed  to  be  thus  arranged  : 


Carbonate  of  potassa    . 

57-725 

Carbonate  of  soda 

2-265 

Sulphate  of  potassa 

9-293 

Chloride  of  sodium 

2-026 

Sulphate  of  lime 

13-935 

(Tribasic)  Phosphate  of  lime 

3-687 

Phosphate  of  magnesia 

9-086 

Phosphate  of  iron 

.       1-060 

Silica          ..... 

0-570 

99-647 

In  order  to  ascertain  the  proportion  of  ash  in  the  juice,  a  known 
weight  was  carefully  incinerated  in  a  platinum  dish,  with  the  following 
results  : 


I. 

IT, 


Weight  of  juice 
employed. 

587-96    gms. 
1020-695     „ 


Ash  obtained. 
3-11  grns. 
2-055    „ 


Percentage. 

0-52 
0-20 


Mean  0-36 


Hence  by  calculation,  the  following  was  obtained  as  the  proportion 
of  the  several  inorganic  constituents  of  the  juice : 

Inorganic  constituents  of 


Inorganic  constituents  of 

an  ounce  Troy  (480 

1000  grains  of  the  juice. 

of  the  juice. 

Potassa 

1-597  { 

^rns. 

0-767  grns 

Soda 

0-077 

a 

0-038    „ 

Lime 

0-274 

}} 

0-131    „ 

Magnesia    . 

0-120 

)i 

0-058    „ 

Sulphuric  acid 

0-448 

)} 

9-215    „ 

Chlorine     . 

0045 

»3 

0022    „ 

Carbonic  acid 

0-707 

W 

0-339    „ 

Phosphoric  acid  . 

0-273 

>J 

0130    „ 

Phosphate  of  iron 

0-038 

ii 

0-018    „ 

Silica 

• 

0021 

)i 

0010    „ 

.Total  3-600 


1-728 


On  reviewing  the  above-mentioned  results,   it  was  felt  that  the 
objection  might  by  raised,  that  cither  the  whole  or  at  least  a  portion 
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of  the  iron  found,  might  have  been  derived  from  the  knife  employed 
in  cutting  the  lemons  (notwithstanding  the  precautions  taken  to  avoid, 
contamination  from  this  source) ;  consequently,  to  remove  all  doubt 
on  this  rather  important  point,  a  fresh  portion  of  juice  was  in- 
cinerated, the  lemons  whence  it  was  obtained  having  been  cut  with  a 
silver  knife,  and  every  possible  care  taken  to  avoid  the  extraneous 
introduction  of  iron.  In  the  ash  thus  obtained  the  determination  of 
the  ferruginous  phosphate  was  repeated  with  the  following  result : 

Weight  of  ash         Phosphate  of  iron 
employed.  obtained.  Percentage. 

8-225  grns.  0-12  grn.  1'458 

which,  on  comparison  with  the  preceding,  lead  to  the  conclusion  that 
none  of  the  iron  had  been  derived  from  the  knife,  since  this  last 
determination  indicates  a  still  larger  proportion  of  the  phosphate 
than  either  of  the  former  determinations. 


IV. — Note   on  Platinum    accompanying  Silver  in  solution  in 
Nitric  Acid. 

By  Henry  How, 

(assistant   to    professor    ANDERSON.) 

Having  occasion  recently  to  reduce  some  silver  for  use  in  the 
laboratory  of  Professor  Anderson,  in  Glasgow,  from  the  collection 
of  precipitates  and  filters  preserved  for  the  purpose,  I  observed  a 
phenomenon,  which,  so  far  as  I  am  aware,  has  not  been  noticed,  ^nd 
which  I  make  known  to  the  Society  in  the  hope  of  some  of  its 
members  being  able  to  afford  further  information  on  the  subject. 
It  is  a  well-known  fact  that  platinum  in  alloy  with  silver  does 
dissolve  in  nitric  acid,  but  I  have  not  been  able  to  meet  with  an 
account  in  any  analytical  work  of  what  I  observed,  as  to  its  behaviour 
when  so  dissolved. 

Among  the  precipitates  and  filters  alluded  to,  although  it  was 
intended  that  none  but  salts  of  silver  should  be  present,  it  appears 
from  the  facts  I  am  about  to  state,  some  containing  platinum  mixed 
with  silver,  the  results  of  certain  investigations  of  Professor  Ander- 
son, had  been  introduced.  I  set  about  obtaining  the  silver  in  the 
usual  way,  by  drying  up  and  burning  the  mass  of  residues  and 
paper  in  an  iron  dish,  and  subsequently  fusing  the  charred  mass  with 
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carbonate  of  soda,  and  some  borax  to  dissolve  any  iron  which  might 
have  scaled  off  from  the  said  dish.  A  button  of  silver  was  obtained, 
which  I  proceeded  to  treat  with  nitric  acid.  I  was  surprised  to  find 
a  blackish-brown  powder  remain  undissolved,  while  the  whole  of  the 
silver,  and  it  alone,  as  I  thought,  went  up  in  the  acid.  On  examining 
the  powder,  I  found  it  to  contain  silver,  but  in  what  state  of  com- 
bination I  could  not  determine;  at  the  time  I  imagined  it  to  be  a 
boride,  but  I  am  now  inclined  to  think  it  must  have  contained  plati- 
num, I  regret,  from  what  I  observed  aftei-wards,  I  did  not  submit 
it  to  a  more  rigorous  analysis. 

The  acid  solution  of  the  supposed  pure  silver  was  evaporated  to 
complete  dryness,  and  gently  heated  to  expel  the  excess  of  nitric 
acid  ;  the  residue  was  then  dissolved  in  a  comparatively  small  quan- 
tity of  water,  as  a  strong  solution  was  desired;  a  little  yellowish -brown 
powder  remaining  undissolved,  the  fluid  was  filtered.  On  diluting 
a  small  portion  of  this  liquid  with  distilled  water,  I  was  surprised  at 
seeing  a  white  precipitate  fall,  and  was  disposed  to  imagine  that  by 
some  inadvertence,  some  salts  of  bismuth  or  antimony  had  been 
thrown  among  the  silver  residues;  however,  neither  of  these  metals 
could  be  detected.  The  whole  fluid  was  then  diluted  and  allowed  to 
stand  a  day;  a  precipitate  formed,  from  which  the  solution  was 
poiued  off  and  again  allowed  to  stand.  It  had  rather  a  turbid 
appearance,  and  I  observed  a  sediment  gradually  form,  in  the  sliape 
of  pale  yellow  amorphous  flocks,  which  went  on  increasing;  after 
about  a  week,  this  was  collected  on  a  filter,  washed  with  water,  and 
examined.  The  sediment  was  found  to  dissolve  completely  in 
ammonia,  and  for  the  most  part  in  acetic  and  in  nitric  acid.  In 
these  acid  solutions,  hydrochloric  acid  g-ave  a  large  precipitate,  which 
proved  to  be  chloride  of  silver;  and  in  the  fluid  separated  from  this, 
platinum  was  found  to  be  present  in  abundance.  Although  1  did  not 
certainly  detect  nitric  acid,  I  am  disposed  to  imagine,  from  the 
nature  of  the  process  by  which  it  was  obtained,  that  this  sediment 
must  have  been  some  basic  double-salt  of  silver  and  platinum  with 
nitric  acid,  the  liquid  from  which  it  deposited  having  an  acid 
reaction.  I  may  mention  that,  it  being  found  that  platinum  was 
present,  I  precipitated  the  whole  of  the  silver  in  the  remaining  fluid 
by  hydrochlonc  acid,  and  reduced  it  after  washing,  by  iron,  and  so 
succeeded  in  obtaining  a  pure  salt  of  silver. 

I  have  ventured  t^  offer  this  note  to  the  Society,  as  containing  a 
fact,  I  believe,  new  and  worthy  of  consideration  in  cases  of  analysis 
where  silver  and  platinum  may  occur  tog-ether  in  an  alloy;  as, 
without   any   intimation   of   the   existence  of  such   a   compound   as 
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that  which  spontaneously  deposits  from  an  aqueous  solution  of 
nitrate  of  silver  containing  platinum,  the  analyst  may  be  as  much 
surprised  as  I  was  to  observe  its  formation,  and  unable  to  account  for 
it  at  once.  I  also  think  the  brown  powder,  which  I  have  described 
as  remaining  after  the  solution  of  the  alloy  by  digestion  in  ordinary 
nitric  acid,  is  worthy  of  attention  and  further  notice. 


V. — Note  on  the  Valuation  of  Protochloride  of  Tin. 
By  Dr.  Penny,  Glasgow. 

In  a  paper  on  the  Valuation  of  Red  Prussiate  of  Potash,  published 
in  the  "Quarterly  Journal  of  the  Chemical  Society,"*  Mr.  Francis 
Leishing  states  an  objection  to  the  process  for  estimating  the 
amount  of  tin  in  double  muriate  of  tin  by  bichromate  of  potash. 
His  words  are  :  "  In  this  instance,  the  liquid  double  muriate  of  tin 
might  contain  a  very  considerable  admixture  of  protochloride  of  iron, 
without  even  changing  its  external  appearance ;  and  this  in  practice 
highly  obnoxious  admixture  would,  by  the  sole  application  of  the 
bichromate  of  potash  test,  not  only  escape  detection,  but  the  iron 
would  actually  be  calculated  as  tin.^^ 

As  this  statement  may  lead  some  to  reject  the  process  without  trial, 
or,  perhaps,  induce  some  manufacturer  of  these  tin-solutions  to  infer 
that  protochloride  of  iron  could  be  added  to  chloride  of  tin  without 
risk  of  detection,  it  maybe  as  well  to  show  that  Mr.  Leishing's 
objection  is  really  without  foundation.  * 

It  is  quite  obvious  that  if  acetate  of  lead  be  exclusively  relied  upon 
as  the  agent  for  determining  when  a  sufficient  quantity  of  the  bichro- 
mate of  potash  has  been  added,  the  process  will  be  vitiated  by  the 
presence  of  iron. 

In  the  description  of  the  process,  however,t  it  is  particularly  men- 
tioned that  the  "  sulphocyanide  test,^^  consisting  of  a  mixture  of  pro- 
tosulphate  of  iron  and  sulphocyanide  of  potassium,  is  much  more 
delicate  and  satisfactory  than  acetate  of  lead.  This  test  completely 
removes  the  objection  arising  from  the  presence  of  iron. 

Sesquichloride  of  iron  cannot  exist  in  the  same  solution  with  pro- 
tochloride of  tin  ;  and  accordingly  no  sesqui-compound  of  iron  can  be 
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formed  during  the  addition  of  the  bichromate,  until  the  protochloride 
of  tin  is  wholly  converted  into  bichloride,  and  then  the  further  addi- 
tion of  bichromate  instantly  produces  sesquichloride  of  iron,  the 
smallest  trace  of  which  is  immediately  revealed  by  the  sulphocyanide 
test.  In  point  of  fact,  instead  of  protochloride  of  iron  "  escaping 
detection,'^  and  being  '^calculated  as  tin,^'  as  Mr.  Francis  Leishing 
affirms,  its  presence  w^ould  actually  assist  the  operator  in  catching 
the  precise  moment  when  the  conversion  of  protochloride  of  tin  into 
bichloride  is  perfected.  It  might  indeed  be  an  advantage  to  add  a 
small  quantity  of  a  proto-compound  of  iron  to  the  tin  solution,  in 
place  of  mixing  sul])hate  of  iron  with  the  sulphocyanide  of  potassium, 
as  directed  in  the  paper  referred  to. 

The  addition  of  protochloride  of  iron  to  double  muriate  of  tin 
would  in  practice  be  a  truly  obnoxious  admixture,  but  its  presence 
could  in  no  way  interfere  with  the  bichromate  process  for  the  valua- 
tion of  tin  crystals,  double  muriate  of  tin,  &c.,  provided  the  proper 
test  be  employed. 

It  certainly  seems  almost  unnecessary  to  notice  the  objection,  as 
every  one  acquainted  with  the  applications  of  these  tin  preparations 
must  be  aware  that  adulteration  w^th  iron  would  veiy  soon  manifest 
itself  in  the  course  of  the  usual  operations. 

The  justness  of  Mr.  Leishing's  remark  upon  the  importance  of 
alkalimetric  methods  of  valuation  being  preceded  by  qualitative  test- 
ing of  the  substance  under  examination  will  readily  be  admitted,  and 
especially  as  the  same  observation  may  be  extended  to  nearly  all  our 
ordinary  processes  of  analysis. 


VI, — On  the  so-called  Iodide  and  Chloride  of  Nitrogen. 

By  J.  H.  Gladstone,  Ph.D.  F.R.S. 

On  the  17th  of  February,  1851,  I  communicated  to  the  Chemical 
Society  a  paper  on  the  Explosive  Compound  usually  denominated  Iodide 
of  Nitrogen,  in  which  I  assigned  to  it  the  composition  NHIg.  The 
paper  was  printed  in  tjie  following  "  Quarterly  Journal."  In  the  ^'An- 
nalen  der  Chem.  und  Pharm."  for  October,  1852,  Bunsen  published 
an  investigation  of  the  composition  of  the  same  substance,  in  which 
he  ascribes  to  it  the  formulae  NH3  +  NI3,  and  NH3+4NI3,  according 
to  different  modes  of  preparation.     At  first  sight,  there  would  seem 
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an  irreconcilable  discordance  between  the  results  of  his  analyses  and 
mine;  but  on  closer  examination  this  disappears,  for  both  the  methods 
by  which  he  prepared  the  explosive  powder  differ  from  that  adopted 
by  me.  He,  forming  the  substance  from  iodine  and  ammonia  dis- 
solved in  absolute  alcohol,  and  never  suffering  it  to  come  in  contact 
with  water,  finds  it  to  be  NHg-f  NI3;  forming  it  by  precipitating  a 
solution  of  iodine  in  aqua-regia  by  aqueous  ammonia,  and  washing  it 
with  water,  he  finds  it  to  be  NH3  +  4NI3.  I,  forming  the  substance 
by  precipitating  an  alcoholic  solution  of  iodine  by  ammonia,  and 
washing  with  water,  found  it  to  be  NHT2,  which  is  equivalent  to 
NH3  +  2  NI3  on  Bunsen^s  mode  of  expression,  and  is  intermediate 
between  his  two  formulas.  Nevertheless  I  thought  it  desirable  to 
repeat  my  former  analysis,  and  to  add  some  further  observations 
towards  the  completion  of  the  chemical  history  of  this  remarkable 
substance. 

Bun  sen  does  not  adopt  my  method  of  analysis,  but  takes  advan- 
tage of  the  reaction  between  hydrochloric  acid  and  the  black  powder, 
which  is  fully  explained  towards  the  close  of  my  paper.  As,  however, 
my  method  by  sulphurous  acid  gives  very  exact  results,  I  had  recourse 
to  it  again.  A  portion  of  the  explosive  substance  prepared  and 
washed  as  before,  and  decomposed  by  a  fresh  solution  of  sulphurous 
acid,  was  divided  into  two  equal  parts,  and  yielded  0-633  grm.  of 
iodide  of  silver,  0'620  grm.  of  sulphate  of  baryta,  and  0*124  grm.  of 
platinum  derived  from  the  ammonia-salt.  Traces  of  nitrogen  gas 
were  given  off  during  the  destruction  of  the  black  powder,  the  amount 
of  which  was  estimated  at  0*04  cub.  in.  Half  of  this  would  be  equal 
to  0'0004  grm.  weight  of  nitrogen,  which  must  be  added  to  the 
amount  found  to  have  been  converted  into  ammonia.  The  numbers 
given  above  indicate :  t 

Nitrogen      .         .         .     00183  grm. 
Iodine  .  .  .     0-3104     „ 

Sulphuric  acid       .         .     0-2131     „ 

which,  divided  by  the  atomic  weights,  give  : 

Nitrogen     .  .     130  or  1       equiv. 

Iodine         .  .     263  or  2*06     „ 

Sulphuric  acid     .     533  or  4*10     „ 

This,  indicating  the  proportion  of  iodine  to  nitrogen  as  2  :  1,  agrees 
perfectly  with  the  result  of  the  analyses  recorded  in  my  previous 
paper. 

In  another  experiment,  siujilarly  conducted,   there  were  obtained 
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0'441  grm.  of  iodide  of  silver  and  0281  groi.  of  ammonio-chloride 
of  platinum.  The  same  amount  of  nitrogen  gas  may  be  reckoned  as 
having  been  evolved  daring  the  action  of  the  sulphurous  acid.  These 
numbers  indicate : 

Nitrogen       .  .  .0-0142  grm. 

Iodine  .         .         .     0-2375     „ 

which,  divided  by  the  atomic  weights,  give  : 

Nitrogen     .  .     101   or  I       equiv. 

Iodine         .         .187  or  1*85     „ 

This  analysis,  though  it  indicates  rather  too  small  a  quantity  of  iodine, 
does  not  differ  materially  from  the  preceding. 

^ly  former  view  of  the  composition  of  the  explosive  powder  prepared 
by  precipitating  an  alcoholic  solution  of  iodine  by  ammonia,  and 
washing  with  water,  is  therefore  confirmed.  The  question  remains, 
whether  the  substance  is  to  be  considered  one  atom  of  ammonia, 
in  which  two  of  the  equivalents  of  hydrogen  are  replaced  by  iodine — 
in  fact,  iodimide ;  or  whether  it  is  to  be  viewed,  in  accordance 
with  Bun  sen's  formulae,  as  ammonia  combined  with  two  equivalents 
of  teriodide  of  nitrogen  ?  Now  a  body  of  the  composition  as- 
signed by  the  German  chemist  to  his  explosive  powder,  NHg  +  NI.^, 
might  be  equally  well  expressed  as  a  compound  of  my  NHIg  with 
NHJ: 

NH3  +  Nl3  =  N2H3l3=NHl2  +  NH2l, 

Both  Nig  and  NHo  I  are  alike  hypothetical  substances ;  yet  it  appeared 
very  possible  that  the  action  of  water  on  the  compound  might  throw 
some  light  upon  the  subject.  It  was  found  that  when  the  black 
powder  formed  in  the  presence  of  water  was  washed  for  a  great  length 
of  time,  the  washings  still  continued  alkaline  to  test-paper.  Black 
powder  which  had  been  produced  by  mixing  solutions  of  iodine  and 
ammonia  in  alcohol  of  sp.  gr.  814,  and  had  been  well  washed 
with  the  same  alcohol,  gave,  on  the  addition  of  water,  a  solution 
which  was  distinctly  alkaline  and  of  a  slight  red  tint.  This  colour 
was  removed  by  the  very  least  addition  of  sulphurous  acid  solution. 
Precisely  the  same  was  observed  when  the  explosive  powder  w^as 
prepared  by  means* of  absolute  alcohol.  A  quantitative  estimation 
was  made  of  the  washings  by  water  of  the  substance  precipitated  in 
alcohol  of  sp.  gr.  81  i.  Water  had  been  passed  through  it  on  a  filter 
for  thirty  minutes.     The  slightly  red  solution  was  decolorized  by  a 
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drop  of  sulphurous  acid ;  it  was  divided  into  two  equal  parts,  from 
one  of  which  0*047  grm.  of  iodide  of  silver  was  obtained,  and  from 
the  other  0*028  grm.  of  platinum  derived  from  the  ammonio-chloride. 
These  numbers  indicate : 

Nitrogen       .         .         .     00040  grm. 
Iodine  .         .         .     0*0353     „ 

which,  divided  by  the  atomic  weights,  give : 

Nitrogen     .  .     28  or  1        equiv. 

Iodine         .         .     20  or  0*71     „ 

Hence,  there  must  have  been  free  ammonia  as  well  as  iodide  of 
ammonium,  a  result  rather  favouring  the  view  taken  by  Bun  sen. 

The  above-mentioned  specimen  of  explosive  iodide  prepared  by 
means  of  alcohol,  sp.  gr.  814,  was  analysed  by  sulphurous  acid,  as  in 
the  preceding  instances.  The  amount  of  nitrogen  gas  given  off  was 
too  inconsiderable  to  be  taken  account  of.  The  weights  of  the  preci- 
pitates obtained  were  0*256  grm.  of  ammonio-chloride  of  platinum, 
0*630  grm.  of  iodide  of  silver,  and  0*649  grm.  of  sulphate  of  baryta, 
which  indicate : 

Nitrogen       .         .  .     0*0162  grm. 


Iodine  .         .         .     0*3394 


)} 


Sulphuric  acid       .         .     0*2230     „ 
These  quantities,  added  to  those  previously  found,  dissolved  in  water, 


are  : 


Nitrogen      .         .         .     0*0202  grm. 

Iodine  .         .         .     0*3647     „ 

Sulphuric  acid       .         .     0-2230     „  ^ 

which,  when  divided  by  the  atomic  weights,  give  : 

Nitrogen     .         .     144  or  1       equiv. 
Iodine         .         .     286  or  1*98     „ 
Sulphuric  acid     .     557  or  3*86     „ 

This  result  ptu-fectly  coincides  with  the  previous  analyses.  The 
composition  of  this  specimen  of  explosive  powder  was  also 
NHI3. 

The  unexpected  confirmation  of  my  previous  views  afforded  by  this 
experiment  induced  me  to  analyse  a  sample  of  the  black  precipitate 
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thrown  down  by  mixing  solutions  of  iodine  and  of  anmioniu*  in  absolute 
alcohol.  The  experiment  was  conducted  with  great  carc^  to  pre\ent 
the  hydration  of  the  alcohol  in  any  possible  way  during  the  course  of 
it.  The  black  powder  obtained  had  precisely  the  same  physical 
appearance  as  the  specimens  previously  examined.  It  was  decom- 
posed and  analysed  in  the  usual  manner.  The  amount  of  nitrogen 
gas  evolved  was  0'06  cub.  in.,  half  of  which  would  weigh  0*0006  grm. 
The  weights  of  the  precipitates  obtained  were  0'253  grm.  of  ammonio- 
chloride  of  platinum,  0'539  grm.  of  iodide  of  silver,  and  0*498  grm. 
of  sulphate  of  baryta,  which  indicate  : 

Nitrogen       .  .  .     0-0166  grm. 

Iodine  .         .         .     0  2903     „ 

Sulphuric  acid       .         .     0*1711      „ 

These  numbers,  divided  by  the  atomic  weights,  gave  : 

Nitrogen       .  .     118  or  1        cquiv. 

Iodine  .  .     228  or  1-93     „ 

Sulphuric  acid       .     428  or  3*6  5     „ 

But  these  proportions  approximate  those  of  all  my  previous  analyse  ^ 
It  is  easily  conceivable  that  different  proportions  of  hydrogen  should 
be  replaced  in  different  specimens,  but  by  what  variation  of  circum- 
stances I  obtained  the  substance  NHIo,  instead  of  that  analysed 
by  Bunsen,  I  know  not.  I  can  but  record  the  result  of  my 
experiment. 

When  the  black  powder  is  formed  in  the  presence  of  water,  half, 
or  very  nearly  half  the  iodine  employed  is  obtained  in  the  solid  com- 
pound, and  the  solution  becomes  colourless,  or  nearly  so,  the  reaction 
being : 

4I  +  3NH3  =  NHl2  +  2NIIJ, 

but  when  the  iodine  and  ammonia  are  brought  together  in  solution  in 
strong  alcohol,  a  far  smaller  proportion  of  the  black  powder  is 
obtained,  and  the  liquid  remains  deep -red  in  colour,  although  the 


*  Before  the  ammonia  is  dissolved  in  the  absohite  alcohol,  it  is  necessary  that  it 
be  dried.  The  desiccation  of  this  gas  is,  I  believe,  usually  effected  by  passing  it 
over  pieces  or  sticks  of  hydrate  of  potash  ;  but  I  adopted  another  process.  It  was  made 
to  pass  through  a  wash-b#ttle  containing  absolute  alcohol,  into  which  some  pieces  of 
potassium  had  been  thrown.  Thus  was  secured  the  advantage  of  the  gas  bubbling 
through  a  liquid,  and  that  liquid  a  most  hygroscopic  solution  of  ethylate  of  potash 
perfectly  free  from  water.  Of  course  this  process  is  only  applicable  for  the  desiccation 
of  ammonia,  in  cases  where  the  vapour  of  alcohol  does  not  interfere. 
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ammonia  bu  added  in  large  excess.  A  considerable  amount  of 
sulphurous  acid  solution  also  is  required  to  effect  its  decolorization. 
The  addition  of  water  causes  a  black  precipitate,  which  however  being 
in  a  very  finely-divided  condition,  is  speedily  acted  upon  by  the 
water,  and  decomposed  with  evolution  of  gas — doubtless  nitrogen. 
It  is  evident,  therefore,  that  although  iodide  of  ammonium  is  soluble 
in  alcohol,  some  other  compound  must  be  here  formed.  The  ratio 
between  the  iodine  in  solution  and  that  in  the  precipitate,  was  thrice 
determined;  as  also  the  ratio  between  the  hydriodic  acid  and  the 
sulphuric  acid  formed  upon  decomposing  the  red  liquid  by  sulphurous 
acid.  In  the  first  experiment,  alcohol  of  sp.  gr.  814  was  employed  ; 
in  the  second  and  third,  absolute  alcohol  was  made  use  of.  The 
results  were : 

Exp.  I.  Exp.  II.  Exp.  III. 

Iodide  of  silver  from  black  jwwder   1*220  grm.  0-898  grm.  0-539  grm. 

„  „       „     red  solution     3-255     „     3'595     „     4-376     „ 

Sulph.  of  baryta,,  „  0950     „     1-061     „     1-543     „ 

The  proportion  between  the  two  estimations  of  iodine  in  these 
three  experiments  is  widely  different,  namely  : 

Exp.  I.  Exp.  II.  Exp.  III. 

From  black  powder  111 

From  red  solution  2*67  4-00  8-12 

The  ratio  between  the  iodine  and  the  sulphuric  acid  formed  fronj 
the  red  solution,  agrees  more  closely,  namely  : 

Exp.  I.  Exp.  II.  Exp.  III. 

Iodine  1        equiv.  1       equiv.  1        equiv. 

Sulphuric  acid    0-59     „  060     „  071     „ 

The  smaller  proportion  of  sulphuric  acid  would  appear  to  indicate 
that  the  iodine  exists  in  the  red  solution  to  a  considerable  extent  in 
the  form  of  iodide  of  ammonium  ;  but  it  must  be  mixed  or  combined 
with  a  larger  amount  of  the  element  in  some  other  condition. 

In  the  third  experiment,  the  ammonia  in  the  red  solution  was  also 
determined.  The  liquid  was  warmed,  to  expel  the  excess  of  the 
volatile  alkali,  in  fact,  till  there  was  a  distinct  odour  of  iodine.  It 
was  then  divided  into  two  equal  parts,  and  proceeded  with  as  before. 
The  amount  of  ammonio-chloride  of  platinum  obtained  w^as  0-723  grm.; 
that  of  iodide  of  silver,  as  before  stated,  was  4376  grms. 

These  numbers  indicate : 

Nitrogen       .         .         .     0  0459  grm. 
Iodine  .         .         .     23572     „ 
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which,  divided  by  the  atomic  weights,  give  : 

Nitrogen     .         .     328  or  1       equiv. 
Iodine         .         .  1856  or  5-66     „ 

There  is  here  a  remarkably  small  amount  of  ammonia  indicated; 
probably  the  compound  first  formed  in  the  red  solution  is  decomposed 
by  a  slight  heat,  the  iodide  remaining  in  the  hquid,  and  the  ammonia 
volatilizing. 


CHLORIDE    OF    NITROGEN. 


It  appeared  highly  probable  that  the  same  methods  which  had 
proved  applicable  to  the  analysis  of  the  so-called  iodide  might  be 
effective  also  when  tried  with  the  chloride  of  nitrogen.  The  syste- 
matic analysis  of  this  oily  liquid  indeed  has  never  been  attempted 
excepting  by  Bineau.  In  the  same  memoir  in  which  that  chemist 
attributed  the  correct  composition  to  the  iodide,  he  assigned  to  the 
chloride  the  composition  N  CI3.*  Since,  however,  his  determinations 
are  far  from  being  exact,  doubt  might  still  be  entertained  as  to  the 
actual  proportion  of  the  nitrogen  and  chlorine,  and  whether  the 
explosive  liquid  might  not,  like  the  iodide,  retain  some  portion  of 
hydrogen.  At  any  rate  it  would  be  interesting  to  try  whether  the 
view  of  Bineau  would  be  confirmed  by  further  experiments,  and  how 
far  the  formula  of  this  substance  might  throw  light  upon  the  rational 
composition  of  the  iodide. 

The  so-called  chloride  of  nitrogen  was  prepared  in  the  usual  way, 
by  the  mutual  action  of  chlorine  and  chloride  of  ammonium.  Foi- 
each  separate  analysis  a  globule  was  collected  of  just  sufficient  size ; 
and  it  was  washed  by  a  stream  of  w^ater  until  the  washings  gave  no 
appreciable  precipitate  with  a  silver  salt.  Methods  similar  to  those 
employed  for  the  decomposition  of  the  iodide  were  made  use  of  in 
this  case  also.  A  stream  of  hydrosulphuric  acid  was  passed  for 
a  long  time  through  water  at  the  bottom  of  which  was  a  globule 
of  the  explosive  liquid.  Decomposition  took  place  slowly,  sulphur 
being  liberated,  and  ammonia  and  hydrochloric  acid  formed:  but 
at  the  same  time  the  usual  action  of  water  on  the  compound  was 
proceeding,  and  thus  a  little  nitrogen  gas  was  produced.  This  was 
scarcely  more  than  a  trace,  but  not  having  been  collected,  it  must 
have  vitiated  the  experiments  to  some  extent.  The  solution  obtained 
after  this  reaction  was  warmed  to  expel  the  excess  of  hydrosulphuric 
acid,  and  filtered  from  the  deposited  sulphur.     In  the  first  experiment 

*  Ann.  Cluui.  Phys.  [3],  XV,  71. 
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recorded  below,  the  ammonia  and  hydrochloric  acid  were  determined 
from  the  same  portion,  acetate  of  silver  having  been  employed  to  pre- 
cipitate the  latter,  excess  of  silver  being  subsequently  removed 
by  the  addition  of  hydrochloric  acid,  and  the  ammonia  converted  into 
platinum  salt.  In  the  second  and  third  experiments,  the  solution 
was  divided  into  two  equal  parts,  from  one  of  which  the  hydrochloric 
acid,  and  from  the  other  of  which  the  ammonia  were  estimated  in  the 
usual  manner. 

The  following  are  the  results  : 

Exp.  I.  Exp.  II.  Exp.  III. 

Ammonio-chloride  of  platinum  0-149  grm.  0*082  grm.  0*254  grm. 
Chloride  of  silver  0*226     „       0*138     „       0*510     „ 

which  are  equivalent  to  : 

Exp.  I.  Exp.  II.  Exp.  III. 

Nitrogen      00092  grm.         0*0052  grm.         0*0161  grm. 
Chlorine      00544     „  0*0340     „  0*1257     „ 

These  numbers  are  in  the  ratio  of: 

Exp.  I.  Exp.  II.  Exp.  III. 

Nitrogen       1       equiv.  1        equiv.  1       equiv. 

Chlorine       2*31      „  2*58      „  3*08     „ 

The  last  of  these  estimations  accords  with  Bineau^s  formula,  but 
the  average  of  them  certainly  does  not,  especially  when  it  is  borne  in 
mind  that,  from  the  loss  of  nitrogen  in  the  gaseous  form,  the  chlorine 
will  be  overestimated  ;  and  thus  the  smallest  proportion  of  chlorine  is 
probably  the  truest. 

The  action  of  hydrosulphuric  acid  being  evidently  not  calculated  to 
give  an  exact  means  of  analysis,  sulphurous  acid  was  had  recourse  to. 
It  was  found  that  a  solution  of  that  substance  in  water  acted  slowly 
upon  the  explosive  compound,  giving  rise  to  ammonia  and  hydro- 
chloric acid,  with  formation  of  sulphuric  acid ;  a  little  nitrogen  gas  was 
evolved  at  the  same  time,  but  not  a  trace  of  nitric  acid  was  formed, 
as  is  usually  the  case  when  the  chloride  is  left  in  contact  with  water. 
For  the  purpose  of  analysis,  a  globule  of  the  liquid  was  placed  in  a 
small  basin,  containing  a  freshly  prepared  aqueous  solution  of 
sulphurous  acid,  and  over  it  was  placed  a  glass  tube  also  filled  with 
the  solution  in  such  a  manner  that  the  bubbles  of  gas  all  rose  into  it. 
After  a  few  hours,  the  globule  had  disappeared,  a  certain  amount 
of  nitrogen  gas  was  found,  and  its  volume  measured.  The  solution 
was  warmed    to  expel  the   remaining  sulphurous   acid,  and  divided 
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into  two  equal  parts,  from  one  of  which  the  hydrochloric  acid,  and 
from  the  other  the  ammonia,  were  estimated  in  the  usual  way.  The 
experiment  was  performed  twice,  and  the  following  were  the  results  : 

Exp.  I.  Exp.  II. 

Nitrogen  gas  (divided  by  2)         0*04  cub.  in.  0*14  cub.  in. 

Ammonio-chloride  of  platinum     0"207  grm.  0-122  grin. 

Chloride  of  silver  0*365     „  0-281    „ 

Sulphate  of  baryta  0-634     „  0  428    „ 

which  are  equivalent  to  : 

Exp.  I.  Exp.  II. 

Nitrogen  0-0139  grm.  0-0105  grm. 

Chlorine  0-0900     „  0-0692     „ 

Sulphuric  acid    0-217       „  0*147       „ 

These  numbers  are  in  the  ratio  of : 

Exp.  I.  Exp.  II. 

Nitrogen  1        equiv.  1       equiv. 

Chlorine  2-56     „  2-60     „ 

Sulphuric  acid    5-47     „  4*89     „ 

The  results  of  these  two  experiments  almost  coincide,*  in  the 
proportion  of  chlorine  and  nitrogen,  and  they  agree  with  the  average 
of  the  experiments  by  means  of  hydrosulphuric  acid.  The  proportion 
between  the  nitrogen  and  chlorine  is  evidently  as  1 ;  2-5  ;  and  as  there 
are  5  equivalents  of  sulphuric  acid  formed,  it  shows  that  2-5  equi- 
valents of  hydrogen  have  also  been  supplied  for  the  production  of 
ammonia.  The  composition  of  the  explosive  chloride  therefore  is  not 
so  simple  as  that  of  the  so-called  iodide  :  it  may  be  expressed  either 
as  a  double  equivalent  of  ammonia  in  which  5  atoms  of  hydrogen  are 
replaced  by  iodine,  viz.,  NgHClg;  or  as  NHCI2  +  NCI3. 

*  There  appears  a  considerable  discrepancy  between  the  two  estimations  of  sulphuric 
acid ;  but  it  should  be  remembered  that  in  such  experiments  as  these,  where  a  solution 
of  sulphurous  acid  has  been  exposed  for  hours  to  the  air,  an  excess  of  sulphuric  acid 
may  be  expected ;  while  on  the  contrary,  the  evolution  of  nitrogen  in  the  gaseous  con- 
dition, will  cause  less  sulphuric  acid  to  be  formed.  Hence,  no  doubt,  the  deficiency  in 
the  second  experiment,  contrasting  so  with  the  excess  in  the  first,  where  much  less  gas 
was  produced. 
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VII. — On  some  New  Compounds  of  Salicyl. 

By  Charles  Gerhardt. 

Chemists  are  aware  that  the  salicylic  ethers  discovered  by 
M.  Cahours,  exhibit  an  anomaly  never  before  observed  in  com- 
pounds of  that  natui'c.  These  ethers,  in  fact,  though  they  corre- 
spond to  neutral  salicylates,  are  capable  of  uniting  with  bases  and 
forming  metallic  salts  of  perfectly  definite  character.  Thus,  the 
salicylate  of  methyl  (oil  of  Gaultheria  procumbens)  is  analogous  in 
composition  to  salicylate  of  silver  : 

7p  TT    ^ }  O  salicylate  of  methyl.      7     5     2  j  q  salicylate  of  silver ; 

nevertheless,  the  salicylate  of  methyl  combines  with  potash,  soda, 
baryta,  &c. ;  so  likewise  does  the  salicylate  of  ethyl.  In  fact  these 
two  ethers  exhibit  the  characters  of  true  acids. 

The  following  is  another  anomaly  exhibited  by  these  bodies. 
When  an  ordinary  ether  is  treated  with  chlorine  or  bromine,  the 
first  effect  of  these  agents  is  always  to  effect  substitutions  in  the 
ethylic  or  methylic  elements,  in  such  a  manner  as  to  form  chlo- 
ruretted  or  bromuretted  products,  which  are  transformed  by  alkalies, 
not  into  alcohol  or  wood-spirit,  but,  as  shown  by  Malaguti,  into 
acetic  or  formic  acid.  The  salicylic  ethers,  however,  exhibit  totally 
different  reactions ;  for  chlorine  and  bromine,  when  they  act  upon 
these  bodies,  first  attack  the  salicylic  elements,  and  thus  give  rise 
to  the  formation  of  the  ethers  of  chlorosalicylic  and  bromosalicylic 
acids,  &c. 

This  difference  of  character  being  evidently  due  to  difference  of 
molecular  constitution,  I  have  been  led,  in  applying  my  latest 
theoretical  views  to  the  salicylic  ethers,  to  regard  them,  not  as 
a  molecule  of  water  in  which  the  2  atoms  of  hydrogen  are  replaced, 
the  one  by  salicyl  and  the  other  by  methyl  or  ethyl,  but  as  a 
molecule  of  water  in  which  only  1  atom  of  hydrogen  is  replaced  by 
methylo-salicyl  or  ethylo-salicyl,  that  is  to  say,  by  salicyl  already 
containing  methyl  or  ethyl  in  place  of  hydrogen  : 

C7HJCH3)02|Q      hydrate  of       Cn^^{02^^)02]  q    Vdrate  of 
H  i      methylo-salicyl.  H  i      ethylo-salicyl. 

According  to  this  view,  salicylate  of  methyl  becomes  the  hydrate 
of  methylo-salicyl,  or  the  oxide  of  liydrogen  and  methylo-salicyl ; 
and  salicylate  of  ethyl  becomes  the  hydrate  of  ethylo-salicyl,  or  the 
oxide  of  hydrogen  and  ethylo-salicyl. 
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Hence  it  naturally  follows,  that  the  compound  of  salicylate  of 
methyl  with  potash,  for  example,  is  the  oxide  of  potassium  and 
methylo-salicyl : 

Now  as  it  is  shown  by  my  experiments  on  the  anhydrous  acids, 
that  the  basic  hydrogen  in  acids,  or  the  metal  in  salts,  may  be 
replaced  by  oxygenated  groups,  such  as  benzoyl,  cumyl,  ethyl,  &c., 
we  ought,  if  my  view  of  the  constitution  of  the  salicylic  ethers  be 
correct,  to  be  able  to  effect  corresponding  substitutions  in  these 
bodies. 

This  anticipation  has  been  fully  confirmed  by  experiment. 
Nothing  in  fact  is  easier  than  to  eiherify  the  salicylic  ethers,  just 
as  we  etherify  alcohol  or  wood-spirit.  If,  for  example,  alcohol  or 
wood-spirit  be  brought  in  contact  with  chloride  of  benzoyl  or 
succinyl,  hydrochloric  acid  is  evolved,  and  benzoate  of  ethyl,  succi- 
nate of  methyl,  &c.,  is  formed.  Now,  when  the  salicylic  ethers  are 
treated  with  these  same  chlorides,  a  precisely  similar  reaction 
takes  place,  the  product  being  benzoate  of  ethylo-salicyl  or  succinate 
of  methylo-salicyl,  &c.  In  a  word,  we  may,  with  a  salicylic  ether 
and  the  chloride  of  any  acid  radical,  produce  as  many  compounds 
as  with  the  same  chloride  and  an  alcohol. 

All  the  compounds  which  I  have  thus  succeeded  in  preparing, 
crystallize  perfectly. 

Benzoate  of  methylo-salicyl  is  obtained  by  causing  gaultheria 
oil  and  chloride  of  benzoyl  to  act  on  one  another  with  the  aid 
of  heat ;  it  crystallizes  in  beautiful  rhomboidal  prisms,  containing  : 

Cy  II4  (C  H3)  O2  ^  Q  benzoate  of  methylo-salicyl,  or 

C7H5O  S      oxide  of  benzoyl  and  methylo-salicyl. 

Benzoate  of  ethylo-salicyl  is  prepared  by  a  similar  process  from 
salicylic  ether  : 

C^  H^  (Co  H5)  O.^  \  ^  benzoate  of  ethylo-salicyl,  or 

C7  Hg  O         i      oxide  of  benzoyl  and  ethylo-salicyl. 

Cuminate  of  methylo-salicyl  crystallizes  from  boiling  alcohol 
in  very  brilliant  rhombic  pallets  : 

C7  H^  (C  H3)  O2  \  Q  cuminate  of  methylo-salicyl,  or 
CjQ  Hii  O    •  )      oxide  of  cumyl  and  methylo-salicyl. 

Succinate  of  methylo-salici/l  is  obtained  by  means  of  the  chloride 
of  succinyl  lately  discovered  by  M.  Chiozza  and  my  pelf.  It  is 
deposited  from  the  alcoholic  solution,  on  cooling,  in  the  form  of 
large  rectangular  plates,  composed  of  fibres  longitudinal!}^  attached 
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but  easily  separable.     It  is  formed  from  2  molecules  of  water,  just 
like  succinic  acid,  which,  as  everybody  knows,  is  bibasic  : 

r^  w*  In  TT^I  n^)^  )  succinate  of  methvlo-salicyl,  or 

^7  ^4  [^  ^)  ^2/      j  oxide  of  succinyl  and  methylo-salicyl. 

These  examples  mi^ht  be  easily  multiplied. 

I  have  likewise  endeavoured  to  obtain  the  chloride  of  methylo- 
salicyl  by  subjecting  gaultheria  oil  to  the  action  of  perchloride  of 
phosphorus ;  but  in  the  very  energetic  reaction  which  takes  place 
between  these  two  bodies,  the  methylo-salicyl  group  is  decomposed, 
and  as  products  of  the  action  we  obtain  chloride  of  methyl  and  a 
new  chloride,  the  chloride  of  salicyl. 

'^  f^\     ^1  chloride  of  salicyl. 

This  body  must  not  be  confounded  with  that  to  which  M.  Piria 
has  given  the  same  name,  and  which,  in  my  opinion,  represents  the 
hydride  of  chloro- salicyl.  My  chloride  of  salicyl  is  a  fuming 
liquid,  which  is  decomposed  by  water,  like  the  chlorides  of  silicium, 
phosphorus,  ethyl,  &c.,  into  hydrochloric  and  salicylic  acids.  It  acts 
violently  on  alcohol  and  wood-spirit,  converting  them  into  salicylic 
ethers.  This  chloride  of  salicyl  likewise  affords  a  means  of  pre- 
paring salicylate  of  ethyl  much  more  readily  than  from  a  mixture 
of  alcohol,  salicylic  acid,  and  sulphuric  acid.  M.  Drion,  who 
is  pursuing  in  my  laboratory  the  study  of  the  newly  discovered 
compounds  above  mentioned,  has  also,  by  means  of  this  new  chlo- 
ride of  sahcyl,  obtained  the  salicylate  of  amyl,  which  several 
chemists  have  in  vain  attempted  to  produce  by  the  methods 
hitherto  known. 

This  salicylate  of  amyl  exhibits  characters  similar  to  those  of  the 
other  salicylic  ethers  ;  it  may  evidently  be  regarded  as  the  hydrate 
of  amy lo- salicyl : 

^1  II4  (C5  Hii)  O2  I  Q  i^y^j,^^tg  Qf  amylo-salicyl. 

When  treated  with  chloride  of  benzoyl,  it  yields  benzoate  of 
amylo-salicyl. 

C  li   O         i  ^  benzocite  of  amylo-sahcyl. 

This  body  crystallizes  in  splendid  needles. 

The  preceding  results  are  in  perfect  liarmouy  ^^\i\^  the  theoretical 

vipws  ndvaiKHMl  in  my  uiosf  i-oceiit  puljlicafious. 
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VIII. — On  the  existence  of  Trimethylamine  in  the  btine  of  salted 

herrings. 

By  Gersham  Henry  Winkles. 

In  the  second  memoir  of  Dr.  H  of  mannas  "  Researclies  into  the 
Molecular  Constitution  of  Organic  Bases,"  published  in  the  Philo- 
sophical Transactions  for  1851,  we  find,  at  page  392,  the  following 
note  on  Propylamine  : 

"  M.  Wertheim,  the  discoverer  of  this  base,  believes  that  it  stands 
to  the  unknown  propyl-alcohol*  in  the  same  relation  which  exists 
between  methylamine,  ethylamine,  and  amylamine  on  the  one  hand, 
and  methylic,  ethylic,  and  amylic  alcohol  on  the  other.  It  deserves, 
however,  to  be  noticed  that  the  formula  Cg  Hg  N  for  this  compound, 
as  determined  by  experiment,  expresses  not  only  propylamine,  but 
also  trimethylamine  and  even  methyl-ethylamine : 


C6HgN=^      H   !.N  = 


In  the  absence  of  decisive  reactions,  it  remains  doubtful  which  of  these 
formulae  represents  the  base  obtained  by  the  action  of  soda-lime  on  nar- 
cotine.  I  may  state  here,  that  propylamine,  as  prepared  by  Wertheim^s 
process,  and  the  liquid  containing  trimethylamine — for  as  yet  I  have 
not  obtained  this  substance  perfectly  pure — exhibit  the  same  remark- 
able fishy  odour.  It  deserves,  moreover,  to  be  remarked  that  Dr.  An- 
derson found  that  propylamine  occurs,  associated  with  methylamine, 
among  the  basic  products  of  the  decomposition  of  codeine." 

To  remove  the  doubts  which  existed  in  regard  to  the  formula  of 
the  above-mentioned  base  C^HgN,  I  undertook,  at  the  request  of 
Dr.  Hofmann,  the  following  investigation. 

The  first  consideration  was,  how  and  from  whence  to  obtain  the 
base  in  a  state  of  purity  and  in  sufficient  quantity  for  the  necessary 
experiments.  Besides  the  two  sources  mentioned  in  Dr.  H  of  mannas 
note,  viz.  the  action  of  soda-lime  on  narcotine  and  the  decomposition 
of  codeine,  Wertheim  detected  its  presence  in  the  decomposition 
of  fishy  matter ;  I  therefore  resolved  to  look  for  it  in  the  ordinary 
salted  herrings,  or  rather  in  the  brine  in  which  they  arrive  here 
from  the  coasts  of  Scotland  and  other  fishing  stations. 

*  The  propyl-.ilcohol  has  been  since  discovered  by  M.  Chancel. 
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This  brine,  consisting  of  salt,  portions  of  broken  fisli,  roe,  &c., 
is  collected  by  the  retail  dealers  in  London,  and  sold,  in  barrels  of 
about  4  cwts.  each,  to  the  manufacturers  of  anchovy  sauce,  in  the 
preparation  of  which  it  is  largely  used. 

Propylamine  being,  according  to  Wertheim,  of  a  highly 
inflammable  nature,  I  found  no  difficulty  in  detecting  its  presence. 
A  small  portion  of  the  brine  was  acidified  with  hydrochloric  acid, 
evaporated  to  dryness,  and  the  residue  introduced  into  a  test-tube 
together  with  potassa,  and  heated.  A  powerful  odour  of  ammonia 
was  given  off,  and  on  approaching  a  lighted  taper,  the  evolved 
gases  burnt  freely  at  the  mouth  of  the  tube.  The  presence  of  the 
base,  or  of  some  similar  bases,  being  thus  established,  I  was  now 
able  to  proceed  on  a  larger  scale. 

The  contents  of  one  barrel,  about  26  gallons  by  measure,  were 
acidified  with  crude  hydrochloric  acid ;  filtered ;  and  the  filtrate 
evaporated  nearly  to  dryness ;  distilled  with  lime ;  the  distillate 
again  acidified,  evaporated,  and  distilled  with  potassa,  thus  getting 
rid  of  all  the  nauseous  fish-oils  obtained  in  the  first  process. 
The  distillate  was  again  acidified  with  hydrochloric  acid,  and 
evaporated  down  as  far  as  the  hygroscopic  nature  of  the  salts  per- 
mitted, then  treated  with  absolute  alcohol,  and  filtered  in  order  to 
remove  the  large  quantity  of  chloride  of  ammonium  present. 

After  distilling  off  all  the  alcohol,  sticks  of  potassa  were  intro- 
duced into  the  retort,  and  the  anhydrous  bases  condensed  in  a 
cooling  apparatus.  During  this  operation,  a  large  quantity  of 
uncondenscd  inflammable  gas  passed  through  the  two-necked 
receiver,  and  was  absorbed  by  water. 

The  condensed  liquid  proved  to  be  a  mixture  of  several  bases,  at 
least  of  four,  the  boiling-point  commencing  at  35°  C.  and  rising 
to  140°,  remaining  somewhat  stationary  at  various  intermediate 
points ;  but  as  the  substance  prepared  was  not  sufficient  for  the 
experiments,  I  proceeded  at  once  with  a  second  cask  of  herring- 
salt,  and  by  following  a  process  recommended  by  Mr.  Warren 
Delarue,  avoided  the  trouble  and  the  great  loss  of  time  and  sub- 
stance, which  T  had  before  experienced. 

The  brine,  together  with  some  lime,  wps  put  into  a  copper-still, 
having  an  ordinary  worm-tub  as  condensor ;  a  pipe  connected  with 
a  large  steam-boiler,  and  open  at  the  end,  was  passed  through  the 
lid  to  the  l)ottom  of  the  still.  By  this  arrangement  steam  at  a 
high  pressTU'c  was  forced  through  the  mixture  of  herring-salt  and 
lime,  carrying  with  it  all  the  volatile  products  set  free  by  the 
alkali. 
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The  first  six  gallons  of  this  distillate  being  an  aqueous  solution  of 
the  bases,  was  acidified  with  hydrochloric  acid,  evaporated,  and 
treated  with  absolute  alcohol  in  the  same  manner  as  the  first 
portion. 

And  here  I  should  mention  that  chloride  of  ammonium, 
though  slightly  soluble  in  absolute  alcohol,  seemed  to  lose  that 
solubility  in  the  presence  of  the  hydrochlorates  of  the  bases  for 
which  I  was  in  search,  as  I  could  not  detect  a  trace  of  ammonia 
in  any  of  the  further  manipulations. 

After  evaporating  the  alcohol,  the  concentrated  aqueous  solution 
of  the  hydrochlorates  was  gradually  introduced  by  means  of  a 
safety-tube  into  a  retort  filled  with  caustic  lime,  the  heat  arising 
from  the  decomposition  being  sufficient  to  carry  on  the  distillation 
without  the  aid  of  a  gas-flame. 

The  less  volatile  bases,  condensed  as  usual,  were  collected  in  a 
two-necked  receiver ;  the  more  volatile  passed  fix)m  thence  through 
several  U-tubes  immersed  in  a  strong  freezing  mixture,  a  form  of 
apparatus  by  means  of  which,  a  few  days  previously,  Dr.  Hofmann 
had  succeeded  in  preparing  trimethylamine. 

Long  before  any  trace  of  liquid  could  be  observed  in  the  globe- 
receiver,  the  U-tubes  were  filled  with  a  clear,  colourless,  trans- 
parent fluid,  which  had  to  be  removed  several  times  before  the 
distillation  was  complete. 

In  this  way  I  obtained  more  than  a  quarter  of  a  pint  of  anhy- 
drous base,  which  had  to  be  kept  under  ice  in  order  to  preserve  it. 

Only  a  small  quantity  of  the  less  volatile  bases  was  obtained, 
even  at  a  high  temperature;  in  appearance  they  were  the  same  as 
obtained  from  the  first  operation.  But  as  yet  I  have  not  been  able 
to  study  them,  the  more  volatile  ones  claiming  my  immediate 
attention. 

The  boiling  point  of  this  interesting  body  lies  between  4P  and 
5°  C,  corresponding  exactly  to  that  of  trimethylamine,  as  obtained 
from  the  decomposition  of  the  oxide  of  tetramethylammonium  by 
heat :  in  appearance  and  odour  no  difference  can  be  perceived. 

Water  or  alcohol  absorbs  this  base  as  rapidly  as  it  does 
ammonia,  and  mixed  with  about  one-half  its  volume  of  water  I 
have  been  able  to  keep  it ;  mixed  with  its  own  bulk  of  water,  it 
still  retains  its  inflammability,  burning  like  ether. 

It  is  powerfully  alkaline :  neutralised  with  hydrochloric  acid  it 
forms  a  very  deliquescent  salt,  which  with  bichloride  of  platinum 
forms  a  magnificent  double  salt,  crystallizing  in  orange-coloured 
octahedrons. 
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On  analysis,  the  following  results  were  obtained  : 

•3125  grm.   of  platinimi-salt  gave  '1165  grm.  of  platinum. 
•3530     „  „  „      -1315 

•3680     „  „  „      "1805  „     carbonic  acid. 

•1250  „     water. 


f 

>y 

i 

n 

y 

» 

Percentage. 


37-28 
13-377 
3-776 


37-25 


Platinum 

Carbon 

Hydrogen 

The  following  theoretical  values  correspond  to  the  formula 

Cg  Hg  N,  HCl,  Pt  CI2 

Tlieorj.  Experiment. 

6  equivs.  carbon 
10       „      hydrogen 
1       „      nitrogen 
3       „      chlorine 
1       ,y       platinum 

265-18       100-000 

Having  thus  obtained  the  substance,  corresponding  in  com- 
position, &c.,  to  Wertheim's  propylamine,  I  proceeded  to 
determine  the  constitution. 

On  examining  the  above-given  formulse : 


36-00 

13-575 

13-377 

1000 

3-771 

3-776 

14-00 

5-279 

.       106-50 

40-161 

98-68 

37-214 

37-265 

^2  ^3 

C2  H3 !  N 
Co  He 


H 
C2H3 
C4H, 


N 


C«H 


H     N 


it  will  readily  be  seen  that,  in  order  to  produce  a  base  corresponding  in 
its  reactions  to  the  oxide  of  Dr.  H of mann's  fourth  class  compound 
ammonias,  we  should  have  to  substitute  respectively,  one,  two,  or 
three  equivalents  of  an  alcohol-radical ;  by  this  method  of  proceed- 
ing the  correct  formula  must  at  once  be  ascertained. 

On  adding  iodide  of  methyl  to  a  few  drops  of  anhydrous  base, 
combination  took  place  instantaneously,  giving  rise  to  explosions 
and  intense  heat,  the  white  solid  thus  formed  in  the  test-tube  being 
ejected  with  violence.  By  diluting  the  base  with  water,  or  better 
with  alcohol,  previous  to  adding  iodide  of  methyl,  the  action  takes 
place  in  a  more  quiet  manner. 

After  heating  the  resulting  iodide,  in  order  to  remove  the  excess 
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of  iodide  of  methyl  present,  it  was  dissolved  in  boiling  water,  from 
which  it  separated  again  on  cooling  in  beautiful  white  rectangular 
prismatic  crystals. 

Analysis   of   this  salt,  dried   at   100*^  C,    gave    the   following 
results : 

•7512  grm.  of  iodide  of  the  base  gave  '8813  of  iodide  of  silver. 


•4138     „ 

„     -3626  „  carbonic  acid. 
„     -2237  „  water. 

Iodine 

Carbon 

Hydrogen 

Percentage. 

63-425 
23-89 
6-00 

The  following  theoretical  values  correspond  to  the  formula : 

^8  Hi2 

C,H3X 
C2H3) 

Tlieory. 

Experiment. 

8  equivs.  of  carbon 
12         „         hydrogen 
1         „         nitrogen 
1         „         iodine 

48-00       23-869 

12-00         5-967 

14-00         6-962 

127-10       63-202 

23-89 
6-00 

63-425 

201-10     100000 

On  adding  to  an  aqueous  solution  of  the  iodide  some  potash,  the 
iodide  separated  unaltered,  being  less  soluble  in  a  solution  contain- 
ing that  alkali  than  in  pure  water. 

Oxide  of  silver  added  to  the  solution  of  the  above  salt  removed 
the  iodine  as  iodide  of  silver,  without  the  evolution  of  any  volatile 
substance,  even  on  ebullition,  the  solution  becoming  strongly  alka- 
line. 

These  two  reactions  prove  that  the  base  found  in  decomposed  fishy 
matter  is  trimethylamine,  and  not  propylamine  as  supposed  by 
Wertheim.  • 

An  analysis  of  the  platinum-salt  formed  by  the  addition  of 
hydrochloric  acid  and  bichloride  of  platinum  to  the  oxide  liberated 
by  oxide  of  silver  as  above,  gave  the  following  results  : 
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I.  -1838  grm.  of  platinum -salt  gave  '0644  grm.  of  platinum 
II.  -3266  „  >y       1148 


•3675 


2420         „      carbonic  acid 
1495         „     water. 

Percentage. 


Platinum  .         .         .         35-04         35']  5 

Carbon      ....         17*96 
Hydrogen  .         .         .  4*57 

The  following  values  correspond  to  the  formula: 


Cg    H, 


C3  H,2  N  CI,  Pt  CI2  =  ^2  H3    N  CI,  Pt  CI2 

Theory.  Experiment. 

8  equivs.  of  carbon  4S-00  17-193           17-96 

12         „         hydrogen  12-00  4-298             4-57 

1         „         nitrogen  1400  5015 

3         „         chlorine  106-50  38-144 

1         „         platinum  98-68  35-350           35-10 

279-18      100-000 


IX. — On  the  Action  of  Iodide  of  Ethyl  on  Toluidine. 
By  Reginald  I.  Morley  and  John  S.  Abel, 

ASSISTANTS   IN    THE   EOTAL   COLLEGE    OF   CHEMISTEY. 

Chemists  are  acquainted  with  the  results  obtained  by  Dr.  Hof- 
mann  in  his  researches  on  the  organic  bases,  which  led  him  to 
establish  the  existence  of  four  groups  of  bases  derived  from  ammo- 
nia, by  the  replacement  of  its  several  hydrogen  equivalents  by 
organic  radicals.  He  pointed  out  at  the  same  time  a  simple 
method  of  ascertaining  in  what  group  an  organic  base  has  to  be 
classified.  This  method,  as  is  well  known,  consists  in  treating  the 
substance  under  examination  with  the  iodide  of  an  alcohol  radical. 

The  experiments  to  which  we  are  about  to  refer,  undertaken  at 
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his  invitation,  and  carried  out  under  his  kind  superintendence, 
refer  to  the  examination  in  this  direction  of  an  organic  base  which 
has  repeatedly  claimed  the  attention  of  the  faculty — viz.,  Toluidiiie. 
The  origin  of  this  body,  derived  step  by  step  from  toluylic  acid, 
toluol,  and  nitrotoluol,  places  the  substance  on  the  same  line  with 
the  anihne,  the  formation  of  which  from  benzoic  acid,  benzol,  and 
nitrobenzol  is  well  known.  The  perfect  homology  of  toluidine  and 
aniline  is  moreover  imequivocally  proved  by  their  physical  proper- 
ties. The  constitution  of  aniline  has  been  established,  it  may  be 
said,  beyond  any  doubt :  it  has  been  proved  that  in  its  salts  the 
substance  may  be  received  as  ammonium  in  which  1  equiv.  of 
hydrogen  is  replaced  by  1  equiv.  of  the  hydrocarbon,  C12  Hg,  to 
which  the  name  of  Phenyl  has  been  given,  or  in  the  free  state  as 
ammonia,  1  equiv.  of  hydrogen  of  which  is  replaced  by  the  same 
radical. 

Salts.  Free  Bases. 

NCI  Ammonia     H     N 


H 

Chloride 

H 

ammonium 

H 

H 

H 

Aniline 

H 

salt 

H 

c, 

,H 

NCI  Aniline        H     N 

C12  H5 ; 

If  toluidine  is  a  perfect  homologue  of  aniline,  its  constitution 
must  be  perfectly  similar ;  so  that  if  the  latter  has  in  fact  this  con- 
stitution, toluidine  must  be  represented  by  the  formula 


H 

H 

C.  H 


14  ^-^7  J 


N, 


when  it  becomes  ammonia  in  which  1  equiv.  of  hydrogen  is  re- 
placed by  toluyl,  Cj^  H^ ;  and  it  is  this  constitution  which  has  been 
assumed  by  Dr.  Hofmann  in  his  papers  on  the  bases.  It  re- 
mained to  verify  this  assumption  experimentally.  This  verification 
forms  the  subject  of  the  present  communication.  We  rapidly  pass 
over  the  preparation  of  toluol  from  coal  naphtha,  although  we  had 
to  perform  an  imm^se  number  of  distillations,  until  the  hydro- 
carbon at  last  boHed  stationary  at  111°  C.  (231°'8  F.)  The  con- 
version of  toluol  into  nitrotoluol  is  attended  with  difficulties  :  heat 
must  be  carefully  avoided,  otherwise  a  considerable  quantity  of 
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dinitrotoluol  is  produced,  which  forms  far  more  readily  than  dini- 
trobenzol.  The  reduction  of  nitrotoluol  by  means  of  sulphuretted 
hydrogen,  lastly,  is  an  operation  tedious  in  the  extreme ;  it  can  be 
accomplished  only  by  a  series  of  supersaturations  and  distillations. 
The  purification  of  the  toluidine  was  eflPected  in  the  form  of  oxalate. 
On  account  of  the  facility  with  which  it  was  obtained,  we  selected 
from  among  the  alcohol-iodides,  iodide  of  ethyl  as  the  substance  to 
the  action  of  which  the  toluidine  was  to  be  submitted. 

We  now  proceed  to  describe  the  results  obtained  in  this  reaction. 

ETHYLOTOLUIDINE. 

A  portion  of  the  toluidine  was  sealed  up  in  a  tube  with  excess  of 
iodide  of  ethyl,  and  exposed  to  the  temperature  of  the  water-bath 
for  two  or  three  days.  The  toluidine  mixed  with  the  iodide,  and 
the  whole  became  one  crystalline  mass ;  towards  the  latter  part, 
however,  an  oily  layer  separated  on  the  upper  surface  of  the  liquid. 
The  tube  was  now  opened,  and  the  excess  of  iodide  of  ethyl  dis- 
tilled off  in  a  water-bath,  when  iodide  of  ethylotoluidine  remained 
as  a  heavy  oil  possessing  a  pecuHar  alhaceous  smell ;  this  oil  was 
decomposed  by  distillation  with  a  strong  solution  of  potassa  at  a 
high  temperature,  when  a  colourless  oil  distilled  over,  lighter  than 
water,  and  possessing  a  peculiar  odour.  This  oil,  the  new  base,  was 
separated  from  the  water  with  which  it  had  distilled  over,  and  dried 
over  stick  potash.  When  thus  rectified,  its  boiling  point  was  found 
to  be  217°  C.  (422°-6  F.),  the  spec.  grav.  being  0-9391  at  15°  5  C. 
(60°  F.) 

From  the  comparison  of  the  boiling  points  of  aniline,  (about 
180°  C),  and  toluidine  (200°  C),  we  might  have  expected  that  by 
the  introduction  of  4  equivs.  of  carbon  and  hydrogen  into  the 
latter  base,  its  boiling  point  would  have  been  raised  about 
40°  C.  It  appears,  however,  that  this  rule  does  not  hold  good  in 
all  cases  of  this  kind.  Dr.  Hofmann  having  observed  a  similar 
comportment  with  ethylaniline. 

Platinum-salt  of  Ethylotoluidine. — Tliis  was  at  first  prepared 
by  adding  excess  of  hydrochloric  acid  to  the  liquid  from  which 
the  base  had  been  separated,  and  which  possessed  a  strong 
alkaline  reaction.  The  hydrochlorate  thus  formed  was  evapo- 
rated on  a  water-bath,  until,  when  mixed  with  bichloride  of 
platinum,  the  double  salt  crystallized  on  cooling.  In  this 
manner  a  considerable  quantity  of  a  fine  crystalline  salt  was 
obtained,  soluble  in  water,  and,  when  washed  with  alcohol,  of  a 
pale  yellow  colour.     For  analysis,  a  portion  of  the  crystals  was 
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dried  in  the  water  bath^  until  tlie  weight  was  constant^  and  burnt 
as  usual.  The  quantity  of  platinum  obtained  was  slightly  too 
large  for  ethylotoluidine  j  a  circumstance  which  we  explained  by 
tlie  possible  presence  of  a  trace  of  toluidine  in  the  liquid  from 
which  the  salt  was  prepared. 

An  attempt  to  recrystallize  the  salt  only  resulted  in  the  total 
loss  of  our  substance  by  decomposition ;  a  fresh  portion  of  hydro- 
chlorate  was  prepared  from  some  of  the  base^  evaporated,  and 
mixed  with  bichloride  of  platinum ;  a  precipitate  was  formed  which 
dissolved  in  excess  of  the  bichloride,  from  which  solution  the  salt 
could  not  again  be  obtained.  It  was  necessary,  therefore,  to  add 
the  platinum  solution  very  cautiously,  and  when  the  precipitate 
was  formed,  alcohol  was  added,  which  dissolved  the  salt,  but  again 
deposited  it  on  agitation  after  a  short  time.  In  this  manner,  with 
much  trouble,  sufficient  platinum-salt  was  prepared  for  another 
determination.  The  double  salt  being  very  soluble  in  alcohol,  it 
was  washed  with  ether;  it  was  found  to  decompose  at  100°  C. 
As  the  colour  became  darker,  and  no  constant  weight  could  be 
arrived  at,  it  was  dried  for  analysis  in  vacuo  over  sulphuric 
acid. 

0*1580  grm.  of  platinum-salt  gave 
00460       „        platinum  =  29-ll  per  cent. 
According  to  the  formula  Cjg  H13  N,  H  CI,  Pt  CI2,  or 

^^  ^5  ^  N  CI,  Pt  Ch 
H 

the  percentage  of  platinum  should  be  28*93  per  cent.  The 
difference  is  0*08. 

Our  next  step  was  to  confirm  the  composition  of  the  base  by  a 
determination  of  the  carbon  and  hydrogen.  The  platinum-salt 
being  so  difficult  to  obtain,  we  burnt  the  base  itself,  which,  as  it 
darkens  on  keeping,  like  aniline,  toluidine,  &c.,  was  redistilled  for 
this  purpose. 

0*1425  grm.  of  substance  gave 

0*4175       „       carbonic  acid 

0*1255       „       water, 

leading  to  the  foUowfhg  percentages, 

Carbon  .         .         .       79*90 

Hydrogen     .         .         .         9  78 
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The  formtila 

C14H7] 

<=.«=! 

1 

=  C,sHi3N 

requires  the  following  values : 

Theory. 

Experiment. 

18  equivs.  of  carbon     . 

io8^"^aoo 

79-90 

13         „        hydrogen 

13=     9-63 

9-78 

1         „        nitrogen 

14=   10-37 

135     10000 

These  numbers  sufficiently  establish  the  composition  of  ethylo- 
toluidine.  Ethylotoluidine  forms  crystalline  compounds  with 
oxalic  and  sulphuric  acids. 

DIETHYLOTOLUIDINE. 

A  portion  of  the  ethyl-base  was  next  sealed  up  with  an  excess  of 
iodide  of  ethyl,  and  exposed  for  two  or  three  days  to  the  tempera- 
ture of  boiling  water,  in  order  to  produce  diethylotoluidine.  After 
that  time,  on  allowing  the  tube  to  cool  and  gently  agitating  it, 
beautiful  crystals  of  the  iodide  of  the  new  base  at  once  formed 
throughout  the  whole  length  of  the  liquid,  which  dissolved  again 
on  placing  the  tube  in  the  water  bath.  The  excess  of  iodide  of 
ethyl  was  again  separated  as  before,  when  the  iodide  of  diethylo- 
toluidine remained  in  the  flask,  from  which  it  crystallized  in  fine 
six-sided  prisms,  so  soluble  in  water  that  ih.Qj  could  scarcely  he 
crystallized  from  it.  The  salt  separated  from  the  aqueous  solution 
in  oily  drops,  which  assumed  the  crystalline  form  on  being  touched 
with  a  glass  rod.  It  appeared  to  be  decomposed  by  alcohol,  as 
also  by  continued  exposure  to  the  atmosphere.  For  analysis,  some 
of  the  recrystaUized  salt  was  dried  in  vacuo  over  sulphuric  acid 
(the  crystals  having  been  found  to  decompose  in  the  water  bath), 
dissolved  in  water,  and  the  iodine  determined  by  precipitation 
with  nitrate  of  silver  in  the  usual  manner. 

0-3130  grm.  of  iodide  gave 
0-2520       „        iodide  of  silver, 

orresponding  to  percentage  of  iodine,  43-45.   The  formula 
crn,    N,HI=C22H,8N,I, 


THE  ACTION  OF  IODIDE  OF  ETHYL  ON  TOLUIDINE.  73 

requires  43*66  percent,  of  iodine;  thus  proving  the  crystals  to  have 
the  above  composition. 

The  remainder  of  the  salt  was  distilled  wdth  potash,  and  the  base 
thus  obtained  on  the  surface  of  water,  from  which  it  was  separated. 
Diethylotoluidine  is  colourless,  and  possesses  a  smell  like  the  former 
compound.  After  rectification  from  potash  it  was  found  to  boil  at 
229°  C-  (444°-2  F.),  thus  shomng  another  deviation  from  the  rule. 
Its  spec.  grav.  at  15°-5  C.  (60°  F.)  was  0-9242. 

The  preparation  of  the  platinum-salt  of  this  base  presented  insur- 
mountable difficulties :  it  could  not  be  obtained  otherwise  than  as  a 
resinous  mass,  to  crystallize  which  all  attempts  were  abortive. 

A  combustion  of  the  base  was  however  made : 

0-1495  grm.  of  substance  gave 
0-4435  „  carbonic  acid, 
0*1410       „         water, 


leading  to  the  following  percentages  : 

Carbon         ....      80-90 
Hydrogen     .         .         .         .10-47 

The  formula 

C4  H5    N  =  C22Hi7N 

requires  the  following  values : 

Theory. 

Experiment. 

22  equivs.  of  carbon  .         .     132         8098 

17         „         hydrogen        .       17         10-43 

1         „         nitrogen          .       14           8-59 

80-90 
10-47 

163       100-00 

The  results  obtained  correspond  therefore  sufficiently  with  the 
above  formulae. 

OXIDE    OF    TRIETHYLOTOLUYLAMMONIUM. 

It  now  remained  for  us  to  convert  the  volatile  into  a  fixed  base, 
similar  to  those  which  Dr.  Hofmann  has  distinguished  by  the 
laboratory  term  ^monium-bases.  The  formation  of  such  a 
substance  by  the  introduction  of  another  equivalent  of  C^  H5  into 
diethylotoluidine  would  establish  beyond  any  doubt  the  perfect 
homology  of  aniline  and  toluidine. 
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This  new  base  might  be  called  oxide  of  triethylotoluidine  or 
oxide  of  triethylotoluylammonium. 

For  this  purpose  we  again  sealed  up  the  last  base  with  iodide  of 
ethyl,  and  exposed  the  tube  to  a  temperature  of  100°  C.  (212°  F.)  for 
some  days,  till  fine  prismatic  crystals  of  an  iodide  had  formed  in  the 
solution.  After  distilling  off  the  excess  of  iodide  of  ethyl  as  before, 
the  iodide  of  the  new  base  remained  as  a  heavy  oil :  this  was  decom- 
posed by  heating  with  freshly  precipitated  oxide  of  silver,  when  the 
liberated  oxide  of  triethylotoluylammonium  at  once  entered  into 
solution,  leaving  iodide  of  silver.  The  solution  after  filtration  was 
found  to  possess  an  extremely  bitter  taste,  and  to  be  very  alkaline 
to  test-paper.  With  salts  of  the  metallic  oxides,  a  solution  of  this 
base  behaved  in  most  cases  similarly  to  potash  and  to  Dr.  Hof- 
mann's  oxide  of  tetrethylammonium :  thus,  with  salts  of  baryta, 
strontia,  lime,  and  magnesia,  a  white  precipitate  insoluble  in  excess 
was  formed. 

The  following  is  a  list  of  the  reactions  of  this  substance  : 

Barium-salts. — White  precipitate  of  the  hydrate  of  the  earth, 
insoluble  in  an  excess  of  the  base. 

Strontium-salts. — White  precipitate  of  the  hydrate  of  the  earth, 
insoluble  in  an  excess  of  the  base. 

Calcium-salts. — White  precipitate  of  hydrate  of  the  earth,  inso- 
luble in  excess  of  the  base. 

Magnesium-salts. — White  precipitate  of  hydrate  of  the  earth, 
insoluble  in  an  excess  of  the  base. 

Aluminum-salts. — White  gelatinous  precipitate  soluble  in  large 
excess  of  the  base. 

Chromium-salts.  —  Green  hydrated  sesquioxide  insoluble  in 
excess. 

Nickel- salts. — Green  protoxide  insoluble  in  excess. 

Cobalt-salts. — Pink  hydrate  of  protoxide  insoluble  in  excess. 

Manganese-salts.  —  Whitish  hydrated  protoxide  insoluble  in 
excess. 

Salts  of  Protoxide  of  Iron. — Green  hydrated  protoxide  insoluble 
in  excess. 

Salts  of  Sesquioxide  of  /ro?^.  — Brown  hydrated  sesquioxide 
insoluble  in  excess. 

Zinc-salts. — Hydrate  of  the  protoxide  soluble  in  excess. 

Lead-salts. — White  hydrate  of  protoxide  soluble  in  excess. 

Silver-salts. — Brown  protoxide  insoluble  in  excess. 

Salts  of  Suboxide  of  Mercury. — Black  suboxide  insoluble  in 
excess. 
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Salts  of  Protoxide  of  Mercury, — White  precipitate  insoluble  in 
excess. 

Copper-salts.  —  Blue  hydrated  protoxide  insoluble  in  excess, 
becoming  black  by  ebullition. 

Cadmium-salts. — White  hydrated  protoxide  insoluble  in  excess. 

Bismuth-salts. — White  hydrated  teroxide  insoluble  in  excess. 

Antimony -salts,  Teroxide.— WhiiQ  hydrated  teroxide  soluble  in 
excess. 

Salts  of  Protoxide  of  Tin. — White  hydrated  protoxide  soluble 
in  excess. 

Salt  of  Binoxide  of  Tin. — White  hydrated  binoxide  soluble 
in  excess. 

Gold-salts. — Yellow  precipitate  of  the  double  salt. 

Platinum-salts. — Yellow  precipitate  of  the  double  salt. 

Platinum- Salt. — When  the  chloride  of  this  base  was  mixed  with 
bichloride  of  platinum,  a  copious  precipitate  of  a  fine  crystalline 
platinum-salt  was  produced,  which  was  nearly  insoluble  in  cold 
water,  but  was  dissolved  readily  in  hot  water,  from  which  solution 
it  crystallized  in  beautiful  needles. 

The  salt  was  thrown  upon  a  filter,  washed  and  dried  at 
100°  C. 

Both  the  original  and  crystallized  salts  were  analyzed. 

I.     0-1640  grm.  of  platinum-salt  gave  on  ignition 
0-0410        „        platinum. 

II.     0*6100  grm.  of  platinum-salt  gave  on  ignition 
0-1515       „        platinum. 


Platinum 

Theoretical 
percentage. 

24-85 
Hecrystallized  salt. 

Experimental 
percentage. 

24-91 

0-5212  grm. 
0-1292 

of  platinum-salt  gave 
platinum. 

on  ignition 

Platinum 

Theory. 

24-85 

Experiment. 

24.5 

It  appears,  therefore,  that  this  platinum-salt,  like  some  observed 
by  Dr.  Hofmann,  loses  platinum  by  recrystallization. 

For  combustion,  some  of  the  original  salt  was  employed. 
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"  0*5300  grm.  of  platinum- salt  gave 
0*7600       J,        carbonic  acid, 
02690       „        water,  and 
0*1310       „        platinum. 

The  numbers  required  by  the  formula 


C4HJ 


^4  ^5    N  ci,  Pt  CI2  =  C26  H22  N  CI,  Pt  CI2, 

C4HJ 

are  shown  in  the  following  table,  together  with  the  numbers 
obtained  by  experiment,  from  which  it  will  be  seen  that  little  doubt 
can  remain  as  to  the  formula  of  the  salt  analyzed. 


Theory. 

Experiment. 

26  equivs. 

of  carbon 

156         39*27 

3911 

22        „ 

hydrogen 

22           5-54 

5-64 

1         „ 

nitrogen 

14           3-52 

1         . 

platinum 

98*7      24-85 

24*71 

3        ., 

chlorine 

106*5      26*82 

397*2    100  00 

These  experiments  establish  the  existence  of  the  following  bases, 
which  we  place  in  juxtaposition  with  those  of  the  homologue 
phenyl. 


Phenylamine 
Aniline 

Ethylaniline 
DiethylaniHne 

Triethylaniline 


H 
H 


N 


C4   H,' 

^12  Us 

C4   H, 
C4   H, 


N 


N 


Toluylamine 

H      ( 

N 

Toluidine 

Ch 

H,) 

Ethylotoluidine 

C4  hJ 

N 

C4 

Diethylotoluidine  C4 

Cl4 

1! 

N 

C4 

"0 

1 

Triethytoluidine 

C4 
C4 

H5 

•N 

4 

5  1 

1 

In  conclusion,  we  may  observe  that  the  combustion  of  this  pla- 
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tinum-salt,  as  well  as  all  the  combustions  made  in  the  course  of 
this  investigation,  were  performed  in  Dr.  Hofmann's  new  gas 
furnace  for  organic  analysis.  It  deserves  to  be  mentioned,  that  to 
ensure  complete  combustion,  the  liquids  were  weighed  in  small 
open  tubes  filled  with  oxide  of  copper  and  a  little  powdered  chlorate 
of  potassa,  the  oxygen  of  which,  expelled  with  the  last  stage  of  the 
process,  ensured  the  complete  combustion  of  any  small  particles  of 
carbon  that  might  otherwise  have  remained  unconsumed. 


X. — On  Red  Prussiate  of  Potash. 
By  William  Wallace. 

During  the  present  winter  I  have  been  engaged  with  a  series  of 
experiments  on  the  yellow  and  red  prussiates  of  potash.  In  the  pre- 
sent notice  I  propose  to  communicate  the  results  obtained  on  the 
following  points  :  1st,  the  oxydizing  power  of  ferricyanide  of  potas- 
sium in  presence  of  potash ;  2nd,  the  analysis  or  valuation  of  com- 
mercial red  prussiate  of  potash  ;  and  3rd,  the  solubility  of  ferricyanide 
of  potassium  in  water  at  different  temperatures. 

Oxydizing  Poiuer. — The  oxydizing  power  of  ferricyanide  of  potas- 
sium, especially  in  presence  of  an  alkali,  has  been  investigated  by 
several  chemists,  particularly  by  Schonbein*  and  by  Boudalt.f 
The  results  of  my  experiments  confirm  in  general  those  described  by 
Schonbein  and  others,  but  in  a  few  cases  difi*erences  were  observed. 
Several  reactions  of  considerable  interest  have  likewise  been  added. 
The  action  in  all  cases  consists  in  the  conversion  of  ferricyanide  of 
potassium  into  ferrocyanide  by  the  absorption  of  one  equivalent  of 
potassium. 

In  the  experiments  here  referred  to,  a  certain  amount  of  free  alkali 
was  invariably  present,  and  the  mixtures  were  generally  heated,  and 
when  necessary,  boiled.  The  ferrocyanide  of  potassium  produced  was 
obtained  in  crystals  by  evaporation,  or  by  the  addition  of  alcohol. 

Of  non-metallic  elementary  bodies,  iodine  was  converted  into  iodic 
acid,  sulphur  into  sulphuric  acid,  and  phosphorus  into  phosphoric 
acid,  the  latter  verji  slowly.     Hydrogen  gas  was  not  oxydizcd. 

Of  the  metals,  iron,  zinc,  bismuth,  lead,  tin,  arsenic,  and  antimony, 

*  J.  pr.  Chem.  XX,  1 28.  f  Ibifi.  XXX,  23. 
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were  rapidly  oxydized,  but  copper  and  mercury  were  not  sensibly 
alfected.  In  all  cases  in  which  the  resulting  oxides  were  soluble  in 
potash,  the  ferricyanide  was  rapidly  and  completely  converted  into 
ferrocyanide,  the  liquid  becoming  nearly  colourless. 

Of  non-metallic  compounds,  binoxide  of  nitrogen  was  converted 
into  nitric  acid,  sulphurous  and  hyposulphurous  acids  into  sulphuric 
acid  (the  latter  with  difficulty),  and  oxalic  acid  into  carbonic 
acid. 

Of  metallic  oxides,  the  protoxides  of  iron,  manganese,  cobalt,  nickel, 
lead,  and  tin,  were  raised  to  the  state  of  peroxides,  the  suboxides  of 
copper  and  mercury  to  protoxides,  sesquioxide  of  chromium  to  chromic 
acid,  oxide  of  antimony  to  antimonic  acid,  and  arsenious  acid  to 
arsenic  acid.  The  protoxides  of  zinc  and  bismuth  were  not  altered. 
The  experiments  were  performed  by  mixing  ferricyanide  of  potassium 
with  a  salt  of  the  oxide,  warming  the  mixture,  and  then  adding  potash 
in  excess. 

Of  other  inorganic  compounds,  sulphide  and  iodide  of  potassium 
gave  up  their  metal  to  the  ferricyanide,  with  separation  of  sulphur 
and  iodine,  the  sulphide  and  iodide  being  present  in  excess.  The 
sulphur  and  iodine  were  dissolved  by  the  potash,  but  were  precipitated 
o.i  neutralizmg  the  liquid  with  an  acid.  A  similar  action  occurred 
with  the  sulphides  of  the  heavy  metals,  especially  with  those  which  are 
soluble  in  potash.  Cyanide  of  potassium  was  converted  into  cyanate 
of  potash. 

iMost  organic  compounds  which  are  not  of  a  very  stable  nature  are 
more  or  less  readily  oxidized  by  ferricyanide  of  potassium  in  presence 
of  free  alkali.  A  solution  of  ferricyanide,  with  potash,  boiled  with 
sugar  in  excess,  was  rapidly  and  completely  converted  into  ferrocy- 
anide, the  sugar  being  oxidized  to  carbonic  acid  and  water.  A 
similar  action  was  observed  to  occur  with  gum,  starch,  dextrin,  and 
paper,  but  much  less  readily  than  with  sugar.  When  alcohol  was 
treated  in  the  same  manner,  the  greater  part  of  the  salt  was  rapidly 
converted  into  ferrocyanide  ;  but  a  portion  was  decomposed,  with  pro- 
bable formation  of  cyanate  of  potash,  sesquioxide  of  iron  having  been 
precipitated.  The  alcohol  seemed  to  be  converted  into  carbonic  acid 
and  water. 

In  the  arts,  ferricyanide  of  potassium  has  been  employed  for  dis- 
charging or  bleaching  indigo  and  the  colouring  principles  of  cochineal 
and  lac-dye.  It  also  destroys  litmus,  turmeric,  and  many  other 
colours,  but  does  not  bleach  them  completely. 
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Valvation  of  Commercial  Red  Prussiate  of  Potash. — This  salt  is 
met  with  in  commerce  in  two  states,  viz.,  in  crystals  and  in  powder. 
The  latter  variety  is  sometimes  prepared  by  grinding  the  crystals, 
but  more  frequently  by  exposing  finely-pulverized  f'errocyanide  of 
potassium  to  the  action  of  chlorine  gas.  The  product  is  a  mixture  of 
ferricyanide  and  chloride  of  potassium.  In  its  preparation,  a  portion 
at  least  of  the  water  of  crystallization  of  the  ferrocyanide  must  be 
retained,  for  the  dry  salt  is  very  little  affected  by  dry  chlorine  gas ; 
consequently  the  product,  unless  purposely  dried,  must  always  be 
contaminated  with  a  certain  proportion  of  water.  The  chloride  of 
potassium  and  water  were  found  to  amount  to  about  22  per 
cent  of  the  powder  when  freshly  prepared.  Besides  these,  there  may 
exist  accidental  impurities,  arising  from  the  employment  of  impure 
ferrocyanide,  a  deficiency  of  chlorine,  and  other  circumstances ;  and 
it  might  also  be  largely  adulterated  with  common  salt,  without  ma- 
terially influencing  its  appearance.  A  simple  and  ready  method  of 
estimating  its  value  is  therefore  of  some  importance. 

Mr.  Lie  shin  g*  has  recently  published  a  very  elegant  process  for 
the  estimation  of  the  amount  of  pure  ferricyanide  in  the  commercial 
product.  He  converts  the  salt  into  ferrocyanide  by  the  action  of  sul- 
pharseniate  of  sodium ;  but  as  this  reagent  is  difficult  to  prepare,  the 
application  of  Mr.  Lies  hinges  method  must  necessarily  be  limited. 

Many  substances  capable  of  being  easily  oxidized  were  tried  with 
the  same  object,  but  protochloride  of  tin  in  presence  of  hydrochloric 
acid  was  found  to  be  most  suitable.  The  process  about  to  be  de- 
scribed is  confidently  recommended  as  being  exceedingly  simple,  and 
as  yielding  very  accurate  results.  It  is  based  upon  the  well-know^n 
reducing  power  of  proto-compounds  of  tin  j  and  the  tendency  which 
ferricyanide  of  potassium  has  to  combine  with  an  additional  equivalent 
of  alkali-metal,  or  of  hydrogen,  forming  ferrocyanide  of  potassium  and 
hydroferrocyanic  acid.     The  decomposition  may  be  thus  represented  : 

2  (K3Fe2Cy6)+2  HCl  +  2SnCl=:3  (K^EeCyg)  4-H2FeCy3-F2  SnCl^. 

A  large  excess  of  hydrochloric  acid  is  added,  in  order  to  prevent  the 
formation  of  ferrocyanide  of  tin.  The  action  is  immediate,  and  takes 
place  at  ordinary  temperatures. 

100  grains  of  the  sample  of  red  prussiate  under  examination  are 
dissolved  in  an  ounce  and  a  half  of  water,  and  three  quarters  of  an 
ounce  of  strong  hydrochloric  acid  are  added.  An  alkalimeter  is  filled 
with  a  solution  of  chloride  of  tin,  having  a  specific  gravity  of  about 

*  Chem.  Soc.  Qu.  J.  April,  1853. 
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l-046_,  and  containing  in  100  measures  about  35  7  grains  of  tin. 
The  tin  solution  is  added  to  that  of  the  red  prussiate,  until  the  latter 
loses  the  green  colour  that  it  acquires,  and  becomes  of  a  bright  and 
distinct  violet,  or  blue  tint,  without  the  slightest  shade  of  green. 
The  exact  point  at  which  this  effect  occurs  is  easily  ascertained  by 
placing  a  drop  of  the  liquid  on  a  slab,  after  each  addition  of  the  tin 
liquor.  The  blue  colour  of  the  solution  is  owing  to  a  slight  decom- 
position of  the  hydroferrocyanic  acid  produced  during  the  action.  A 
similar  experiment  is  performed  with  100  grains  of  pure  and  dry  fer- 
ricyanide  of  potassium,  and  the  amount  of  pure  salt  in  the  sample  is 
then  obtained  by  a  simple  calculation. 

It  was  found  very  convenient  to  employ  a  standard  solution  of 
chloride  of  tin,  of  which  each  division  is  equal  to  1  or  2  grains  of 
pure  ferricyanide.  This  solution  may  be  preserved  without  material 
alteration  for  a  considerable  period,  if  kept  in  a  properly  closed 
vessel. 

The  accuracy  of  the  process  depends  upon  the  extensive  colouring 
power  of  ferricyanide  of  potassium.  Its  solution  in  7,000  parts  of 
water  is  distinctly  yellow  when  spotted  upon  a  slab,  and  communi- 
cates a  great  tint  to  blues.  In  the  process  just  described,  a  distinct 
green  colouration  is  observed  if  0*2  of  a  grain  of  the  salt  remain  un 
changed  in  the  solution. 

Solubility  of  Ferricyanide  of  Potassium, — Gmelin  states  that  this 
salt  requires  for  solution  3'8  parts  of  cold  water,  and  a  smaller  pro- 
portion of  hot  water ;  while  Girar din  affirms  that  is  soluble  in  2 
parts  of  cold,  and  in  less  than  1  part  of  hot  water.  Its  solubility  at 
various  temperatures  has  been  carefully  determined.  The  results 
obtained  are  stated  in  the  following  table,  which  likewise  exhibits  the 
specific  gravity  of  the  solutions  at  the  temperatures  mentioned,  com- 
pared with  water  at  60°  F. 


Temperature. 

Sp.gr. 

Soluble  in  parts  water. 

100  parts  of  ^^ 

40° 

1151 

303 

330 

50 

1-164 

2-73 

36-6 

60 

1178 

2-54 

40-8 

100 

1-225 

1-70 

58-8 

212 

1-250 

1-29 

77-5 

220 

1-265 

1-21 

82-6 

220°  is  the  boiling-point  of  the  saturated  solution.      The  specific 
gravity  of  the  salt  itself  is  1*845. 
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MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


January    16,    1854. 

Colonel  Philip  Yorke,  President,  in  tlie  Chair. 
The  following  donations  were  announced  : 

"  Journal  of  the  Eranklin  Institute  for  December,  1853  :"  from 
the  Franklin  Institute. 

"  Pharmaceutical  Journal  for  January,  1854  :"  from  tlie  Editor. 

"  Report  of  the  Council  of  the  Art  Union  of  London  •''  from 
the  Art  Union. 

"  Journal  of  the  Society  of  Arts  :"  2  numbers,  from  the  Society 
of  Arts. 

"  Literary  Gazette  :"  2  numbers,  from  the  Publishers. 

"  Bericht  iiber  die  Verhandlungen  der  naturforschenden  Gesell- 
schaft  in  Basel,  von  August,  1850,  bis  Juni,  1852.^^ 

Henry  J.  Smith,  Esq.,  B.A.,  Fellow  and  Tutor  of  Baliol 
College,  Oxford;  George  Payne,  Esq.,  of  Vauxhall;  The  Rev. 
John   H.   Molesworth  St.  Aubin,    M.A.,    of  Clowance    Park, 
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Cornwall;  and  Samuel  Highley,  Jun.,  Esq.,  32,  Fleet   Street, 
were  duly  elected  Fellows  of  the  Society. 

The  following  papers  were  read  : 

1.  "On  some  new  Compounds  of  SalicyV^  by  Charles  Ger- 
hardt :  communicated  by  Dr.  Williamson. 

2.  "  On   lied   Prussiate   of  Potash/'    by   William  Wallace  : 
communicated  by  Dr.  F.  Penny. 


February   6,    J  8.54. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  gentlemen  were  duly  elected  Fellows  of  the 
Society  : 

C.  Dc  Bussy,  Esq.,  University  College ; 
David  Evans,  Jun.,  Esq.,  Crayford ;  and 
Arthur   W.  Wills,  Esq.,  Edgbaston,  Birmingham. 

A  resolution  of  the  Council  was  read,  recommending  to  the 
Society  that  the  names  of  seven  Fellows,  whose  subscriptions  were 
greatly  in  arrear,  be  removed  from  the  list  of  Fellows,  in  accordance 
with  the  Bye-laws  of  the  Society. 

The  following  papers  were  read : 

1.  "  On  the  existence  of  Trimethylamine  in  the  Brine  of  Salted 
Herrings:"  by  Gersham  Henry  Winkles:  communicated  by 
Dr.  Hofmann. 

2.  "  On  the  Action  of  Iodide  of  Ethyl  on  Toluidine :"  by 
Reginald  I.  Morlev  and  John  S.  Abel.  ^ 
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February   20,    1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  donations  were  announced  : 


"Chemical  Analysis  of  the  Water  of  Holywell,  Tadmarton 
Heath,  with  an  inquiry  as  to  its  fitness  for  the  water  supply  of  the 
town  of  Banbury:'^  by  Thomas  Busby,  F.C.S. 

"  Bulletins  des  Seances  de  la  Classe  des  Sciences :"  Bruxelles, 
1852. 

^'  Ueber  die  BeschafFenheit  der  Lava  des  Aetna  von  der  Eruption 
im  Jahre  1852:"  von  Karl  Bitter  von  Hauer,  K.  K.  Haupt- 
mann. 

"  Untersuchung  von  Ackererden  aus  dem  Banate:"  von 
Rudolph  Bitter  von  Hauer. 

"  Chemische  Analyse  der  Fahlerze  von  Poratsch,  bei  Schmolnitz, 
in  Ungarn:"  von  C.  Bitter  von  Hauer,  1852. 

"  Bulletin  der  Koniglichen  Akademie  der  Wissenschaften :" 
Miinchen,  Januar,  1853.   (From  the  Akademie.) 

"  Ueber  den  Chemismus  der  Vegetation :"  von  Dr.  A.  Yogel, 
jun.     Miinchen,  1852. 

"  Abhandlungen  der  Mathematisch-Physikalischen  Classe  der 
Koniglichen  Bayerischen  Akademie  der  Wissenschaften :"  Miin- 
chen, 1853. 

"  Tafeln  zur  Vergleichung  und  Reduction  der  in  verschiedenen 
Liingemaassen  abgelesenen  Barometerstiinde :"  von  J.  J.  Pohl 
and  J.  Schabus. 

"Tafeln  zur  Reduction  der  in  Millimetern  abgelesenen  Baro- 
meterstiinde  auf  die  Normaltemperatur  von  0°  Celsius  :"  Berechnet 
von  J.  J.  Pohl  and  J.  Schabus. 

"  Ueber  die  Anwendung  der  Pikrinsliure  zur  Unterscheidung 
von  Geweben  vegetabilischen  and  thierischen  Ursprungs  :"  von 
Dr.  J.  J.  Pohl. 

"  Beobachtungen  ♦  wUhrend  der  Sonnenfinsterniss  am  28.  Juli 
1851  :"  von  J.  J.  Pohl. 

"Nachtrag  zur  thermo-araometrischen  B ier probe :"  von  Dr. 
J.  J.  Pohl.     Wien,  1852. 
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"  Jahrbucli  der  kaiserlich-koniglichen  Geologischen  Reichsanstalt 
fiir  1851,  1852  and  1853  :"  Wien. 

"Ofversiglit  af  Kongl.  Vetenskaps  Akademiens  forhandligar : 
nionde  Argangen  1852,  Stockholme,  1853/' 

A  paper  was  read,  entitled : 

"Critical  Observations  on  Williamson's  Theory  of  Water, 
Ethers,  and  Acids  :"  by  H.  Kolbe. 

Dr.  Williamson  offered  some  observations  in  reply  to  this  com- 
munication. 


March  6,    1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  donations  were  announced  : 

"  The  Pharmaceutical  Journal  for  March  :''  from  the  Editor. 

"  The  Literary  Gazette :"  2  numbers,  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts  :"  2  numbers,  from  the 
Society  of  Arts. 

"  The  Journal  of  the  Photographic  Society  :''  2  numbers,  from 
the  Photographic  Society. 

Frederick  Allen,  Esq.,  of  Bow  Common,  was  duly  elected  a 
Fellow  of  the  Society. 

A  resolution  of  the  Council,  recommending  to  the  Society  that 
the  names  of  seven  Members  whose  subscriptions  were  greatly  :n 
arrear,  be  removed  from  the  list  of  Fellows,  in  accordance  with  the 
Bye-laws  of  the  Society,  having  been  read  at  this  and  two  preceding 
meetings,  v/as  submitted  to  a  ballot  and  affirmed. 

The  names  removed  arc:  Dr.  John  Gardener ;  John  Ward, 
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late  of  Bishopsgate  Street;  W.  Johnson,  late  of  Birkenhead; 
J.  T.  JuUion,  late  of  Old  Kent  Road;  James  Mason,  late  of 
Holborn;  M,  Scanlan;  P.  Henry  Smith,  late  of  Parliament 
Street. 

Professor  Graham  communicated  to  the  Meeting  some  of  the 
results  of  his  investigations  "  On  the  Liquid  Condition  of  Matter.'' 


March  20,   1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  donations  were  announced : 

"  The  Literary  Gazette :"  2  numbers,  from  the  Publishers. 

"  Journal  of  the  Society  of  Arts :"  2  numbers,  from  the  Society 
of  Arts. 

"  MitchelFs  Manual  of  Assaying  :*'  from  the  Author. 

"  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissen- 
schaften :''  4  numbers. 

"  Denkschriften  der  Kaiserlichen  Akademie  der  Wissenchaften  :" 
Sechester  Band. 

"  Jahrbuch  der  kaiserlich-koniglichen  geologischen  Keichs- 
anstalt :"  No.  2,  for  April,  May  and  June,  1853,  from  the  Royal 
Academy  of  Sciences  of  Vienna. 

"  Proceedings  of  the  Royal  Society :"  from  the  Royal  Society. 

George  Payne,  Esq.,  and  Samuel  Highley,  Jun.,  Esq.,  were 
admitted  Fellows  of  the  Society. 

Reginald  J.  Morley,  Esq.,  and  Dr.  A  Normandy,  were  duly 
elected  Fellows  of  the  Society. 

The  following  papers  were  read  : 

"  On  Caprylamine  :''  by  William  S.   Squire. 
"  On  the  volatife  bases  produced  by  destructive  distillation  of 
the  Bituminous  Shale  of  Dorsetshire  :"  by  C.  Greville  Williams. 


NOTICES 


or 


PAPERS    CONTAINED    IN    OTHER    JOURNALl 
By  Henry  Watts,  B.A.,  F.C.S. 


On  a  New  Saline  Compound  of  Cobalt.* 
By  E.  St.  ETre. 

This  compound  is  formed  by  the  action  of  an  alkaline  nitrite  on  a 
solution  of  a  proto-salt  of  cobalt.  A  solution  of  nitrite  and  nitrate  of 
potash  (obtained  by  passing  a  stream  of  nitrous  gas,  resulting  from 
the  action  of  nitric  acid  on  starch,  and  left  to  cool)  is  passed  in  a  fine 
stream,  by  means  of  a  pipette,  into  a  cold,  concentrated  solution  of 
nitrate  of  cobalt,  to  which  a  sufficient  quantity  of  nitric  acid  has  been 
added  to  render  it  strongly  acid.  Copious  red  fumes  are  then  evolved, 
the  liquid  becomes  continually  deeper  in  colour,  and  at  last  assumes  a 
very  decided  red-brown  colour.  At  the  same  time  there  is  formed  a 
pulverulent  substance  having  a  fine  yellow  tint,  which  continually 
increases  in  quantity  as  the  liquid  approaches  a  state  of  saturation, 
and  gradually  falls  to  the  bottom.  As  the  potash- solution  is  always 
alkaline,  a  blue  sub-salt,  which  always  results  from  the  reaction  of  an 
alkaline  carbonate  on  a  cobalt-salt,  is  often  observed  to  form  as  the 
potash-salt  begins  to  predominate.  In  that  case,  it  is  necessary  to 
add  more  nitric  acid,  so  as  to  keep  the  liquid  constantly  acid. 

The  same  yellow  precipitate  is  formed  when  the  sulphate  or  chloride 
is  used;  but  the  nitrate  produces  it  most  readily  and  in  greatest 
quantity.  Nitric  oxide  continues  to  rise  in  small  bubbles,  which  rise 
gently  from  all  parts  of  the  liquid  during  the  whole  operation,  and  its 
evolution  is  indispensable  to  the  formation  of  the  precipitate.  The 
operation  is  stopped  when  the  liquid  has  become  almost  colourless ; 
the  new  substance  is  then  held  in  suspension,  but  gradually  falls  to 


*  Ann.  Ch.  Phys.  [3]  XXXVIII,  177. 
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the  bottom.  While  the  deposition  is  going  on,  the  liquid  must  be 
kept  constantly  acid ;  otherwise  the  precipitate  will  retain  a  greenish 
tinge,  arising  from  the  mixture  of  the  blue  sub-salt  above  mentioned 
with  the  yellow  compound.  As  soon  as  the  liquid  has  become  clear, 
it  is  decanted,  and  the  precipitate  several  times  washed  with  cold 
distilled  water,  till  the  wash-water  becomes  neutral  to  test-paper; 
after  which  it  is  collected  on  a  filter  and  dried  at  a  temperature 
between  115°  and  120°  C. 

The  new  precipitate  is  nearly  insoluble,  even  in  water  acidulated 
with  nitric  acid;  when  the  solutions  used  are  pure  and  sufficiently 
concentrated,  an  almost  complete  decoloration  of  the  liquid  takes 
place.  The  author  at  first  thought  that  the  action  of  nitrite  of 
potash  on  a  cobalt-salt  might  furnish  the  means  of  effecting  a 
complete  separation  of  nickel  and  cobalt,  inasmuch  as  nickel,  under 
the  same  circumstances,  does  not  yield  an. analogous  compound.  This 
expectation,  however,  was  not  fulfilled,  for  the  precipitate  after  all  is 
not  absolutely  insoluble. 

The  liquid  from  which  the  yellow  precipitate  has  separated  contains 
a  small  quantity  of  nitrate  of  cobalt,  which  has  either  remained 
unacted  upon,  or  has  been  produced  by  partial  decomposition  of  the 
new  salt,  and  a  considerable  quantity  of  nitre,  which  soon  crystallizes 
if  the  solution  be  sufficiently  concentrated.  The  action  of  nitrite  of 
potash  on  nitrate  of  cobalt  gives  rise  therefore  to  the  production  :— 
1.  of  nitric  oxide,  which  escapes  and  forms  red  fumes  in  the  air;  2.  of 
nitrate  of  potash  ;  3.  of  the  yellow  precipitate. 

The  same  yellow  precipitate  may  also  be  obtained  by  suspending 
the  blue  subnitrate — obtained  by  precipitating  the  neutral  nitrate 
with  potash — in  an  excess  of  the  alkaline  nitrite,  whereupon  part  of 
the  precipitate  is  redissolved ;  the  liquid  must  then  be  gently  agitated, 
while  a  thin  stream  of  nitric  or  hydrochloric  acid  is  suff'ered  to  fall 
into  it.  This  process  has  the  advantage  of  yielding  a  larger  product 
in  proportion  to  the  quantity  of  material  used ;  but,  on  the  other 
hand,  the  colour  of  the  precipitate  is  spoiled  by  a  tinge  of  green, 
wiiich  it  retains  even  after  repeated  washings  with  acidulated 
water. 

Lastly,  this  yellow  compound  may  be  formed  synthetically  by 
bringing  protoxide  of  cobalt  in  contact  with  potash  and  hyponitric 
acid,  or,  which  comes  to  the  same  thing,  a  mixture  of  nitric  oxide  and 
oxygen.  A  rather  strong  solution  of  nitrate  of  cobalt — which  need 
not,  however,  be  pure — is  mixed  w4th  a  sufficient  quantity  of  potash  to 
determine  the  precipitation  of  the  blue  sub-salt,  and  then,  by  agitation, 
that'of  the  rose-coloured  hydrated  protoxide  :  the  magma  thus  produced 
is  poured  into  a  wide  and  tall  foot-glass,  care  being  taken  to  moisten 
the  sides  with  the  liquid,  and  a  stream  of  nitric  oxide  passed  into  it. 
In  a  few  minutes — as  soon  indeed  as  a  sufficient  quantity  of  hy[)onitric 
acid  has  been  foi'uied — the  yellow  colour  makes  its  appearance  on  the 
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sides  of  the  vessel,  and  by  continuing  the  passage  of  the  gas,  A 
complete  transformation  is  obtained.  The  action  is  sufficiently  prompt 
and  decided  to  be  exhibited  as  a  lecture  experiment. 

This  substance  possesses  the  following  properties.  Its  colour  is  a 
brilliant  vellow.  When  examined  by  the  microscope,  it  is  found  to 
consist  of  quadrilateral  prisms  terminated  with  triangular  facets.  It 
is  heavier  than  water,  neutral  to  litmus,  very  sparingly  soluble  in 
water,  perfectly  insoluble  in  alcohol  and  ether.  Sulphide  of  carbon 
dissolves  traces  of  it.  Water  at  100°  decomposes  it  after  some 
time,  with  separation  of  nitric  oxide,  which,  by  contact  of  air,  is  finally 
converted  into  nitric  acid,  part  of  which  is  carried  off  with  the  vapour 
of  water,  and  part  enters  into  the  composition  of  the  new  product ; 
the  liquid  at  the  same  time  acquires  a  rose  colour. 

The  yellow  compound  suspended  in  water,  resists  the  action  of  a 
stream  of  chlorine  gas,  even  if  continued  for  a  day.  To  effect  the 
decomposition  and  obtain  the  characteristic  rose  colour  of  the 
ordinary  salts  of  cobalt,  the  liquid  must  be  heated;  red  fumes 
are  then  evolved,  and  there  remains  a  double  chloride  of  cobalt  and 
potassium. 

The  yellow  compound  under  the  same  circumstances  resists  equally 
well  the  action  of  a  stream  of  sulphuretted  hydrogen,  the  formation 
of  sulphide  of  cobalt  not  beginning  till  after  a  considerable  time  ;  but 
sulphide  of  ammonium  blackens  it  almost  instantly. 

Acids  decompose  it,  with  evolution  of  red  fames  of  hyponitric 
acid. 

An  aqueous  solution  of  ammonia  does  not  act  upon  it  till  after  a 
considerable  time,  and  even  then  but  partially. 

Heated  by  a  spirit-lamp  in  a  stream  of  hydrogen,  it  gives  off  vapour 
of  water  mixed  with  abundance  of  ammoniacal  vapours;  the  same 
result  is,  however,  obtained  under  similar  circumstances  with  ordinary 
nitrate  of  cobalt.  This  reaction  would  indicate  the  degree  of  oxidation 
of  the  cobalt,  if  the  nitrogen  were  completely  removed  by  it ;  but  this 
is  not  the  case.  The  residue,  which  has  a  metallic  appearance,  still 
gives  off  red  vapours  when  treated  with  sulphuric  acid ;  moreover, 
the  potash  which  enters  into  the  composition  of  the  salt,  melts  and 
forms  a  kind  of  varnish  over  it,  which  prevents  the  further  action  of 
the  gas. 

An  aqueous  solution  of  potash  decomposes  the  salt,  throwing  down 
the  hydrated  sesquioxide  of  cobalt.  This  hydrate  gradually  loses  its 
water  at  100°,  retaining  only  a  single  equivalent,  which  it  does  not 
give  up  till  heated  above  155°.  It  is  moreover  slightly  soluble  in 
warm  water. 

The  compound  heated  with  sodium  in  a  bent  tube  is  decomposed 
with  violence,  leaving  a  metallic  sponge  of  linely-divided  cobalt,  which 
readily  acquires  metallic  lustre  by  friction. 
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The  salt  heated  with  solid  potash  or  soda  iu  a  closed  tube  does  not 
give  off  amnioniacal  vapours. 

When  calcined  in  contact  with  the  air  in  a  tube  closed  at  the 
bottom^  it  changes  colour  and  assumes  an  orange-red  tint.  At  the 
same  time  it  fuses  and  gives  off  small  gas-bubbles  from  the  whole  of 
its  mass;  a  very  small  quantity  of  water  likewise  separates  from  it, 
and  red  vapours  of  hyponitric  acid  are  evolved,  together  with  white 
vapours  of  nitric  acid.  The  liquid  which  distils  off  has  a  slight  yellow 
tint,  and  is  so  strongly  acid  that  it  quickly  corrodes  the  corks.  The 
residue  consists  of  sesquioxide  of  cobalt  and  nitrite  of  potash.  If  the 
decomposition  be  stopped  at  the  moment  when  the  water  and  the 
acid-vapours  cease  to  escape,  the  substance  is  found  to  have  lost  28*95 
per  cent  of  its  weight — a  loss  which  corresponds  to  2  equivs.  of  nitrogen, 
9  equivs.  of  oxygen,  and  1  equiv.  of  water.  But  the  products  vary 
with  the  manner  in  which  the  heat  is  applied  and  the  operation 
conducted.  When  the  decomposition  takes  place  in  an  atmosphere 
of  dry  nitrogen  or  carbonic  acid,  similar  results  are  obtained,  excepting 
that  nitric  oxide  is  found  among  the  products,  and  the  red  vapours 
disappear  almost  as  soon  as  they  are  formed,  being  replaced  by  those 
of  nitric  acid.  The  residue  in  this  case  also  consists  of  nitrite  of 
potash  and  sesquioxide  of  cobalt.  Lastly,  when  the  substance  is 
decomposed  by  the  heat  of  a  charcoal  fire,  and  in  a  current  of  carbonic 
acid,  a  gaseous  mixture  is  obtained,  which,  after  the  carbonic  acid  has 
been  absorbed  by  potash,  and  the  nitric  oxide  by  protosulphate  of 
iron,  yields  pure  nitrogen. 

The  cobalt  was  estimated  by  boiling  the  salt  with  acetate  of  soda, 
mixed  with  a  little  acetic  acid  to  neutralize  the  alkalinity  ;  adding  to 
the  dark  brown  liquid  thus  obtained  an  aqueous  solution  of  sul- 
phuretted hydrogen  ;  dissolving  the  sulphide  of  cobalt  in  very  dilute 
nitric  acid  (a  stronger  acid  would  oxidize  the  sulphur),  and  at  a 
temperature  not  exceeding  50°  C. ;  calcining  the  resulting  nitrate  to 
convert  it  into  sesquioxide,  and  reducing  this  oxide  to  the  metallic 
state  in  a  current  of  hydrogen  gas.  The  sesquioxide  must  be  carefully 
examined  for  sulphur,  and  that  substance  estimated,  if  present,  and 
its  weight  deducted ;  and  the  bulb  containing  the  reduced  metal  must 
be  strongly  heated  by  the  blow-pipe ;  otherwise  the  metal,  which  is 
pyrophoric,  will  be  reoxidized  as  soon  as  it  comes  in  contact  with 
the  air. 

The  potash  was  precipitated  by  chloride  of  platinum  after  the 
separation  of  the  cobalt.  If  the  cobalt  be  not  first  separated,  a  portion 
of  it  is  always  carried  down  with  the  chloride  of  platinum  and 
potassium.  Hydrof^uosilicic  acid  cannot  be  used  to  precipitate  the 
potash,  because  it  forms  a  soluble  double  hydrofluosilicate  of 
potash  and  cobalt. — The  nitrogen  is  easily  estimated  by  the  usual 
method. 
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The  followiii'i;  are  tbe  results : 


'n 


Calculated.  Found. 


2N  ....  28  15-73  15-31  to  1552 

80  ....  64.  35-97  36-38   „  37-27 

CbO  ....  38  21-34  20-03   „  21-01 

KO  ....  48  26-96  25*97   „  26-94 

Ng  Og.  CbO,  KO  .  178  100-00 

The  analytical  numbers  exhibit  a  slight  deficiency,  in  consequence 
of  the  salt  not  being  quite  anhydrous. 

With  respect  to  the  arrangement  of  the  elements  in  this  compound, 
we  may  conclude,  from  the  synthetical  mode  of  preparing  it  already 
described  (p.  84),  that  the  cobalt  is  in  the  state  of  protoxide.  The 
nitrogen  appears  to  be  in  the  form  of  nitric  and  nitrous  acid,  and  we 
might  at  first  suppose  that  the  yellow  salt  is  a  compound  of  nitrate 
of  potash  with  nitrite  of  cobalt,  or  vice  versa.  But  if  that  were  the 
case,  the  salt  ought  to  be  formed  by  the  first  process  (p.  83),  without 
evolution  of  gas  or  formation  of  nitre.  Now  nitrite  of  potash  is 
always  alkaline,  and  when  treated  with  acids  gives  off  nitric  oxide  ; 
and  this  nitric  oxide  decomposes  the  nitric  acid  present,  converting  it 
into  hyponitric  acid : 

N02  +  2N05  =  3N04. 

Hence  the  action  may  be  represented  by  the  following  equation  : 

CbO,  NO.  +  2  NO5  +  4  (KO,  NO3)  =  3  (KO,  NO.)  +  2  NO. 
+  CbO,KO,2N04. 

Yellow  salt. 

The  formula  must  however  be  doubled,  first  on  account  of  the 
presence  of  water  in  the  salt  (1  equiv.  of  water  to  2  equivs.  of  salt), 
and  secondly,  because  the  salt,  when  decomposed,  cither  by  potash  in 
solution  or  by  calcination  in  contact  with  the  air,  yields  sesquioxide  of 
cobalt.     The  formula  is  therefore  as  follows  : 

2(N2  0s,CbO,KO),  HO. 

This  formula  requires  : 


Calculation. 

Mean  of  Experiments 

4N         ... 

.       56 

15-34 

15-42 

160         .     .     . 

.     128 

35-07 

— 

2 CbO     .     .     . 

.       76 

20-82 

— 

2K0       .     .     . 

.       96 

26-30 

20-48 

HO      ... 

9 

2-47 

26-50 

365  100-00 
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The  salt  appears  then  to  be  a  compound  of  nitric  and  nitrous  acid 
with  potash,  water,  and  protoxide  of  cobalt.  The  exact  mode  of 
grouping  of  the  elements  cannot  at  present  be  determined. 

The  salt  calcined  in  contact  with  the  air,  gives  off  all  its  water,  and 
is  converted  into  anhydrous  sesquioxide  of  cobalt,  Cbg  O3. 

This  compound,  from  the  beauty  of  its  colour,  its  permanence,  and 
its  capability  of  resisting  the  ordinary  agents  of  sulphuration  and 
oxidation,  appears  to  be  well  adapted  for  painting.  Experiments 
have  been  made  with  it,  both  as  an  oil  and  as  a  water-colour,  alone 
and  mixed  with  white-lead,  mineral  blue,  and  vermilion,  and  all  have 
yielded  satisfactory  results.  The  mixture  with  vermilion  was  the  only 
one  which  underwent  any  change  of  colour,  assuming  a  greyish  tint ; 
but  this  is  always  the  case  with  vermillion  when  exposed  to  light.  The 
new  pigment  may  be  designated  by  the  name  of  Cobalt-yellow* 


On  the  Decomposition  of  tlic  Cyanic  Ethers.* 
By  A.   Wurtz. 

When  cyanic  ether  is  placed  in  contact  with  water,  carbonic 
acid  is  disengaged,  and  diethylurea  is  formed.  On  the  other  hand, 
this  ether  acts,  with  few  exceptions,  on  all  the  compounds  derived 
from  the  type  water,  and  the  products  of  the  reaction  are,  to  a  certain 
extent,  similar  to  those  just  mentioned.  In  fact,  carbonic  acid  is 
often  evolved,  and  a  product  is  also  formed  analogous  to  the  amides. 
It  is  true  that  diethylurea  is  not  an  amide,  but  it  bears  a  very  close 
relation  to  that  class  of  bodies;  for  it  is  isomeric  with  diethylo- 
carbamide,  and  nothing  prevents  us  from  supposing  that  at  the 
moment  of  its  formation  it  is  produced  by  the  molecular  transposition 
of  carbamide.  The  following  formulse  exhibit  the  existing  relations 
between  these  products  : 


Carbamide.  Urea. 

H 


If  then  the  action  of  water  on  cyanic  ether  gives  rise  to  urea, 
whereas  amides  are  fbrmed  by  the  action  of  the  derivatives  of  water  on 
cyanic  ether,  the  relations  vvhich  exist  between  these  products,  and 

*  Compt.  Rend.  XXX VII,  180. 
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consequently  the  observed  analogy  between  the  reactions  themselves, 
are  sufficiently  established  by  the  preceding  considerations.  This  will 
be  further  seen  from  the  following  experiments^  which,  moreover,  point 
out  a  new  mode  of  formation  of  the  amides. 

When    cyanic   ether   is    mixed   with    monohydrated    acetic    acid, 

P  H  O   1 

4  3  2^  Oo,  carbonic  acid  is  evolved,  and  E  thy  lace  t  amide  is  pro- 
duced.    The  reaction  is  expressed  by  the  following  formula : 

"3  ^n 0,  +  C,  H,  N0,=2  C  0,+  N .^  c'  hJ  0, 
"    ^  •'  — L      H 

.  ^"T"'^" ,  Cyanic  ether.  ^^^^^.^^ 

Acetic  acid.  „  ,    ^ 

Ethylacetamide. 

This  compound  was  first  obtained  by  M.  Wurtz  two  years  ago  by 
the  action  of  ethylamine  on  acetic  ether. 

Cyanic  ether  acts  upon  anhydrous  acetic  acid.  When  these 
liquids,  in  about  equal  volumes,  are  enclosed  in  a  tube  of  green  glass, 
the  tube  hermetically  sealed,  and  then  immersed  in  an  oil-bath 
heated  to  180°,  the  reaction  takes  place,  the  products  being  carbonic 
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acid  and  ethylo-diacetamide,   N2SC4H3O2,     as    shown    by  the   fol- 
lowing  equation : 

r'n'o  }^2+t;,H,N02=NJc4H3  0,+2C02 

i^^iigUoJ  ^^ . —  ,^ \  r.   JA  n 


I  a  H,  Oo 


'4  '■■'3 


.    ,    7  Cyanic  ether.  ^.^^-..-^^ 

Anhydrous  t^  ,    ,     -,. 

acetic  acid.  Ethylo-diacetamide. 

Ethylacetamide  and  ethylo-diacetamide  are  evidently  analogous  to 
the  compound  amides*  which  Gerhardt  has  obtained  by  a  totally 
different  process.  It  will  readily  be  understood  that  the  process  just 
described  may,  like  Gerhardt^ s,  be  applied  to  the  formation  of  a 
large  number  of  new  amides. 

Alcohol  itself  may  be  referred  to  the  type  of  water.  Cyanic  ether 
decomposes  it  like  the  preceding  compounds,  only  it  does  not  evolve 
carbonic  acid  in  this  reaction ;  but  the  elements  of  the  two  bodies 
combine  and  group  themselves  in  such  a  manner  as  to  form 
cthylurethane.     The  reaction  is  as  follows : 

^*5{=}0,  +  C,H,N0,=C,„H„N0, 

Alcohol.  Cyanic  ether.       Ethylurethane. 

*  CiK'ui.  Sue.  Qu.  J.  A'J,  1^3. 
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Ethyl urethane  may  be  regarded  as  etliylocarbamic  ether,  and  is 
therefore  related  to  the  amides  like  carbamic  acid  itself. 

p     TT       -j 

Common  ether  p^u^  \  O3  docs  not  act  at  all,  or  acts  with  great 

difficulty,  on  cyanic  ether.  The  author  enclosed  these  two  highly 
volatile  liquids  in  very  strong  tubes,  and  heated  them  to  very  high 
temperatures  at  enormous  pressures.  On  opening  them  after 
cooling,  no  evolution  of  gas  was  observed ;  and  on  distilling  the 
contents,  the  distillate  was  found  to  consist  of  unaltered  ether  and 
cyanate  of  ethyl.  At  the  end  of  the  distillation,  however,  at  a 
temperature  of  200°,  a  peculiar  volatile  liquid  passed  over,  but  in 
quantity  too  small  for  analysis.  This  liquid  might  be  diethylurethane  ; 
but  from  the  qualitative  examination  which  the  author  made  of  it, 
this  view  of  its  nature  appears  to  be  doubtful. 


On  Selenlde  of  Ethyl  or  8clcnethyl. 
By  c.  A.  Joy.* 

Selenide  of  ethyl  was  discovered  in  1836  by  Lowig,  who  obtained 
it  by  distilling  dry  selenide  of  potassium  with  oxalic  ether.  The 
following  experiments,  which  were  undertaken  with  the  view  of 
ascertaining  whether  this  body  acts  as  an  organic  radical  analogous 
to  telluride  of  ethyl,  were  made  with  a  product  obtained  by  distilling 
a  solution  of  selenide  of  potassium  with  sulphovinate  of  potash. 

To  prepare  the  monoselenide  of  potassium,  hydrate  of  potash  was 
dissolved  in  four  parts  of  water,  the  solution  divided  into  two  equal 
parts,  one  portion  completely  saturated  wdth  seleniuretted  hydrogen 
gas,  and  then  the  other  half  added.  The  seleniuretted  hydrogen 
was  evolved  by  the  action  of  hydrochloric  acid  on  selenide  of  iron 
(obtained  by  heating  a  mixture  of  equal  parts  of  iron  and  selenium 
in  a  glass  retort).  As  the  gas  decomposes  in  contact  with  the  air, 
it  is  necessary  to  pass  a  stream  of  hydrogen  through  the  apparatus 
before  the  action  begins;  the  hydrogen-apparatus  may  also  be  left  in 
connection  wiiile  the  evolution  of  the  seleniuretted  hydrogen  is  going 
on,  so  that  at  the  end  of  the  process  hydrogen  may  be  again  passed 
through  the  apparatus,  to  drive  the  last  portions  of  seleniuretted 
hydrogen  into  the  potash-ley,  which  should  likewise  be  surrounded 
by  an  atmosphere  of  jiydrogen. 

The  solution  of    selenide  of  potassium  thus  obtained  was  mixed 


*  Ann.  Ch.  Pharm.  LXXXVI,  35. 
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with  a  concentrated  solution  of  sulphovinate  of  potash  in  a  flask 
provided  with  a  condensing  tube,  and  rapidly  distilled,  the  operation 
being  continued  as  long  as  drops  of  selenide  of  ethyl  passed  over  with 
the  water.  For  one  part  of  selenium,  there  were  used  two  parts  of 
hydrate  of  potash  and  four  pints  of  sulphovinate. 

Selenethyl  is  a  clear,  pale,  yellow  liquid,  having  a  most  insuf- 
ferable odour.  It  is  much  heavier  than  water,  and  does  not  mix 
with  it.  When  set  on  fire,  it  burns  with  emission  of  red  vapours  of 
selenium. 

Nitrate  of  Selenethyl. — Formed  by  dissolving  selenethyl  in  hot 
moderately  strong  nitric  acid,  the  action  being  attended  with  evolu- 
tion of  nitric  oxide  gas.  It  was  not  obtained  in  the  dry  state,  but 
only  in  the  form  of  a  concentrated  solution,  which  began  to  decom- 
pose when  further  evaporated.  That  it  really  is  the  nitrate  of  sele- 
nethyl appears  from  the  following  experiments  : — 

Chloride  of  Selenethyl.  C^H^SeCl. — The  solution  of  selenide  of 
ethyl  in  nitric  acid  behaves  with  hydrochloric  acid  just  like  that  of 
tellurethyl  -,  on  the  addition  of  the  acid,  it  becomes  milk-white,  and 
immediately  afterwards  drops  of  an  oily  body  separate  out. 

This  substance  is  the  chloride  of  selenethyl.  It  is  a  transparent 
light  yellow  liquid  which  sinks  in  water ;  when  quite  pure,  it 
appears  to  be  inodorous.  It  is  somewhat  soluble  in  water,  and  still 
more  in  hydrochloric  acid,  which  circumstance  renders  some  care 
necessary  in  preparing  it.  It  was  found,  by  analysis,  to  contain 
33*87  per  cent,  of  chlorine.  The  preceding  formula  requires  34i'9 
per  cent. 

The  greater  part  of  the  chloride  of  selenethyl  obtained  as  above 
having  been  left,  for  a  considerable  time,  in  contact  with  the  liquid 
containing  hydrochloric  and  nitric  acid,  in  which  it  had  been  pro- 
duced, a  number  of  transparent  and  colourless  crystals  were  observed 
to  form  at  the  separating  surface  of  the  two  liquids.  These  crystals 
were  very  well  defined,  and,  considering  the  small  quantity,  of  consi- 
derable magnitude.  The  author  was  not  able  to  determine  the  exact 
nature  of  this  body  ;  but  by  its  mode  of  decomposition  when  heated, 
and  its  ultimate  analysis,  it  appeared  to  be  an  organic  compound 
containing  chlorine  and  selenium.  It  did  not  exhibit  the  characters 
of  a  hydrate  of  the  chloride  of  selenethyl  by  solution  in  water,  or  by 
any  other  means.  It  dissolves  readily  in  water  and  in  alcohols,  and 
separates  out  unchanged  on  evaporating  the  liquids.  Its  aqueous  solu- 
tion is  not  clouded  by  hydrochloric  acid  ;  it  has  an  acid  reaction.  The 
body  appears  to  be  an  acid,  for  it  forms,  with  ammonia,  a  highly 
crystalline  mass,  from  which  the  ammonia  is  eliminated  by  potash. 
Hydrochloric  acid  did  not  precipitate  chloride  of  selenethyl  from  it, 
a  proof  that  no  oxychloride  of  selenethyl  had  been  formed  by  the 
action  of  the  ammonia.  On  the  other  hand,  sulphurous  acid  added 
to  it,  separated  selenethyl.      Analysis  showed  that  it  contains    13-68 
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per  cent,  carbon,  4*298  hydrogen,  and  20*05  chlorine ;  whence  we 
may  infer  that  it  contains  4  eq.  chlorine  to  4  eq.  carbon. 

Oxychloride  of  Selenethyl.  C^HgSeO  +  C^H^SeCl. — Chloride  of 
selenethyl  dissolves  readily  in  ammonia,  producing  chloride  of  am- 
monium and  oxy chloride  of  selenethyl.  After  evaporating  the  solu- 
tion, the  oxy  chloride  may  be  extracted  by  absolute  alcohol.  It 
crystallizes  in  highly  lustrous,  colourless  cubes,  generally  grouped  in 
stellate  masses.  Hydrochloric  acid  added  to  its  aqueous  solution 
throws  down  the  oily  chloride  of  selenethyl ;  and  sulphurous  acid 
throws  down  a  stinking  mixture  of  selenethyl  and  the  chloride.  These 
reactions  indicate  its  composition. 

Bromide  of  Selenethyl  separates  in  the  form  of  a  lemon-yellow 
oil,  sinking  in  water,  when  a  solution  of  the  nitrate  is  mixed  with 
hydrobromic  acid. 

Iodide  of  Selenethyl.  C^H^Sel. — Produced  when  a  solution  of 
the  nitrate,  or  even  of  the  chloride,  is  mixed  with  hydriodic  acid. 
Black  liquid,  with  a  semi-metallic  lustre,  sinking  in  water;  very 
much  like  bromine.  It  is  inodorous,  and  does  not  solidify  at 
0°C. 

These  two  compounds  dissolve  easily  in  ammonia,  and  form  an 
oxybromide  and  oxyiodide  of  selenethyl,  which,  however,  have  not 
been  further  examined. 


On  the  formation  of  Amarlne,  Furfurine,  and  a  new  Base,  Anisine.* 
By   C.   Berta^nini. 

Having  found  that  trinitro-hydrobenzamide  may  be  transformed 
into  trinitro-amarine  by  the  mere  action  of  heat,  the  author  was 
induced  to  express  a  hopef  that  other  hydramidcs  might  also,  by 
this  simple  agent,  be  converted  into  isomeric  bases.  Experiments 
made  with  this  view  on  hydrobenzaraide,  furfuramide,  and  anis- 
hydramide  have  led  to  satisfactory  results. 

Pure  hydrobenz amide  heated  for  three  or  four  hours  to  a  tempera- 
^ture  of  120°  to  130°  C,  yields  on  cooling  a  vitreous  mass,  con- 
sisting entirely  of  amarine.  On  dissolving  this  mass  in  boiling 
alcohol,  and  adding  an  excess  of  hj/^drochloric  acid,  white  crystals 
of  hydrochloratc  of  amarine  soon  form  in  the  liquid.       By  one 


*  Ann.  Ch.  riiarm.  LXXXVIII,  127. 
t  Ibid.  LXXIX,  278. 
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recrystallization,  the  salt  may  be  obtained  in  a  state  of  perfect 
purity,  and  very  pure  amarine  may  be  prepared  from  it. 
The  analysis  of  the  salt  led  to  the  formula : 

C,,  H„  N,  .  H  CI. 

Furfuramide  may,  in  a  similar  manner,  be  converted  into  fur- 
f urine,  by  exposure  for  half  an  hour  to  a  temperature  of  110°  to 
120°.  By  dissolving  the  resulting  brown  mass  in  alcohol,  and 
adding  an  excess  of  oxalic  acid,  a  salt  is  obtained,  having  all  the 
properties  of  binoxalate  of  furfurine,  and  yielding  the  base  when 
treated  in  the  usual  manner.  The  facility  with  which  furfuramide 
is  converted  into  furfurine  affords  a  method  of  preparing  this  base 
directly  from  furfurol.  It  is  only  necessary  to  pass  dry  ammoniacal 
gas  into  furfurol  heated  to  110°  to  120°;  the  furfurol  then  turns 
brown,  and  in  the  course  of  half  an  hour  or  an  hour  is  completely 
converted  into  furfurine. 

Pure  anishydramide,  heated  in  an  oil-bath  to  about  120°,  melts 
into  a  yellowish  liquid,  which,  if  heated  for  two  hours  to  a  tempera- 
ture of  165°  to  170°,  is  completely  converted,  without  alteration  of 
external  appearance,  into  a  new  base,  isomeric  with  anishydramide, 
which  may  be  called  Anisine.  To  obtain  this  base  in  a  state  of 
purity,  the  product  must  be  dissolved  in  boiling  alcohol,  and  hydro- 
chloric acid  added.  The  liquid  then  solidifies,  on  cooling,  to  a  mass 
of  interlaced  crystals,  which,  when  freed  from  the  mother-liquor 
and  decomposed  by  potash  or  ammonia,  yield  the  new  base  in  the 
free  state. 

Anisine  crystallizes  in  transparent  prisms,  which  are  scarcely 
soluble  in  water,  but  dissolve  in  alcohol  and  sparingly  in  ether. 
The  solutions  of  this  base  have  a  strong  alkaline  reaction  and 
a  bitter  taste.     Its  formula  is  : 

C,,  H,,  N,  Oe. 

With  acids  it  yields  crystallized  salts  of  definite  constitution. 

Hydrochlorate  of  anisine  crystallizes  in  white  strongly  lustrous 
needles,  which  dissolve  sparingly  in  water,  but  readily  in  alcohol. 
Dried  at  ordinary  temperatures,  it  contains  C^g  H24  N2O6.  H  C1  + 
2^  H  O ;  at  100°,  it  parts  with  its  water,  and  is  reduced  to 
C43H24N2O6.HCI.  • 

The  platinum  double  salt  forms  shining  laminae  of  a  pale  orange 
colour.  It  dissolves  sparingly  in  alcohol,  and  is  composed  of 
C48H24N2  06.HCl  +  PtCl.,. 
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XL — On  the  Volatile  Bases  produced  by  Destructive  Distillation 
of  the  Bituminous  Shale  of  Dorsetshire. 

By  C.  Greville  Williams. 

Among  the  multitude  of  remarkable  products  with  which  organic 
chemistry  has  enriched  science,  there  is,  perhaps,  no  class  of  com- 
pounds which  possess  more  points  of  interest,  and  hold  out  greater 
hopes  of  important  applications,  than  the  volatile  organic  bases.  Their 
numerous  metamorphoses,  very  singular  constitution,  and  the  many 
instances  of  isomerism  to  be  found  among  them,  are  quite  sufficient  to 
make  their  history  in  the  highest  degree  worthy  of  study,  without 
considering  the  light  which  it  has  been  hoped  the  decompositions 
attending  their  examination  will  throw,  on  the  grand  problem  of 
the  artificial  production  of  the  cinchona  alkaloids. 

The  researches  of  Anderson,  Hofmann,  and  Stenhouse,  have 
shown  it  to  be  more  than  probable,  that  all  nitrogenous  animal  and 
vegetable  matters  yield  volatile  organic  bases  by  destructive  distillation ; 
and,  in  the  hands  of  the  first-named  chemist,  bone-oil  has  been  made 
to  yield,  not  only  a  number  of  bases  which  have,  by  some,  been  consi- 
dered characteristic  of  the  decomposition  of  the  gelatinous  tissues,  but 
also  several  of  the  alkaloids  of  the  ethyl  and  methyl  series  discovered 
by  Wurtz. 

Proceeding  upon  these  data,  it  was  easy  to  foresee  that  the  highly 
VOL.  VII. — NO.  xxvr.  H 
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nitrogenous  bituminous  shale  of  Dorsetshire,  so  rich  in  semi- fossilised 
animal  remains,  would  yield  organic  bases  among  the  products  of 
its  destructive  distillation,  and  it  became,  therefore,  a  problem  of 
considerable  interest,  to  ascertain  their  nature  and  relation  to  those 
procurable  by  analogous  processes  from  recent  bones. 

Not  being  in  a  position  to  distil  the  shale  itself,  and  the  company^s 
works  having  been  abandoned,  the  only  source  of  material  for  experi- 
ment became  the  thick  red  treacly  matter  which  was  produced  by 
agitating  the  crude  naphtha  with  oil  of  vitriol,  in  the  process  of  puri- 
fication, a  quantity  of  which  happened  to  be  at  my  command. 

To  separate  the  tarry  matters,  the  substance  referred  to  was  re- 
peatedly boiled  with  water,  which  had  the  effect  of  resinifying  the  tar, 
and  enabling  it,  on  cooling,  to  be  removed  from  the  surface. 

During  the  boiling,  a  large  quantity  of  Hungers  pyrrol  was  evolved, 
as  shown  by  the  extreme  rapidity  with  which  slips  of  fir-wood  moist- 
ened with  hydrochloric  acid  acquired  an  intense  purplish -red  colour 
when  exposed  to  the  steam. 

When  it  was  found  that  no  more  pitch  was  formed  by  boiling,  the 
substance  was  evaporated  to  a  small  bulk,  saturated  with  lime  or  potash, 
and  distilled  ;  the  product  was  then  supersaturated  with  hydrochloric 
acid,  and  the  non-basic  oil  separated ;  the  liquid,  on  being  treated  with 
an  alkali  and  distilled  as  before,  yielded  the  oily  bases,  containing  a  small 
quantity  of  ammonia,  which  was  removed  by  washing  with  a  strong 
solution  of  potash,  in  which  they  were  almost  insoluble.  After  this 
treatment,  the  only  foreign  body  present  was  water,  of  which  they 
contained  about  a  third  of  their  bulk,  and  which  was  separated  by 
sticks  of  potash. 

The  entire  absence  of  non-basic  oils  in  the  liquid  thus  procured 
was  proved  by  its  ready  and  complete  solubility  in  hydrochloric  acid ; 
and  that  the  ammonia  was  perfectly  removed,  was  evident  from  the 
ease  with  which  their  chlorides  dissolved  in  absolute  alcohol.  In  fact, 
the  temperature  at  which  they  were  rectified  will  be  shown  further  on 
to  be  too  high  for  ammonia  to  remain  in  them. 

The  liquid  obtained  by  this  process  was  placed  in  a  retort  with  a 
thermometer  in  the  tubulature  ;  on  heat  being  applied,  ebullition 
commenced  at  200°  F.,  but  did  not  become  rapid  until  260°;  the 
mercury  then  rose  quickly  to  300°,  at  which  point  it  was  stationary 
for  a  few  minutes ;  it  then  rose  to  318°,  between  which  point  and 
322°  it  was  again  steady  for  a  short  time,  but  soon  commenced  rising 
rapidly,  and  show^ed  no  further  tendency  to  a  fixed  point. 

It  being,  therefore,  evident  that  the  fluid  under  examination  was  a 
mixture  of  several  bases  of  different  boiling  points,  it  was  resolved  to 
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subject  it  to  a  rigid  fractionation^  the  receiver  being  changed  at  every 
ten  degrees,  and  each  fraction  thus  obtained  being  again  submitted  to 
a  similar  treatment,  that  portion  only  being  received  as  a  rectified 
product  which  came  over  between  the  same  points  in  several  successive 
distillations.  In  this  way  upwards  of  a  fortnight  was  expended  before 
products  could  be  obtained  with  boiling  points  at  all  approaching  to 
constancy ;  and  it  is  worthy  of  remark,  that  whereas  at  first  only  a 
very  minute  fraction  could  be  obtained  below  320°,  after  about  half  a 
dozen  rectifications,  the  product  below  that  point  was  more  in  quantity 
than  the  united  bulk  of  all  the  rest  of  the  fractions. 

The  bases  thus  obtained  are  limpid,  colourless,  highly  refractive 
liquids,  having  a  very  singular  and  persistent  odour,  adhering  strongly 
to  the  hands  and  clothes,  and  being  far  more  pungent  and  disagreeable 
in  the  lower  than  the  upper  fractions  ;  moreover,  when  the  vapour  of 
the  former  is  inspired,  the  peculiar  bitter  of  picoline  is  perceived. 
When  the  smell  of  the  bases  has  been  on  the  hands  or  clothes  for 
some  time,  it  becomes  like  that  of  soot. 

The  fractions  burn  with  a  brilliant  but  smoky  flame,  and  they  fume 
strongly  on  the  approach  of  a  rod  wetted  with  hydrochloric  acid. 

They  dissolve  readily  in  acids  with  considerable  elevation  of  tem- 
perature, and  form  crystallisable  deliquescent  salts.  They  all  dissolve 
readily  in  alcohol  and  ether ;  they  precipitate  nitrate  of  copper,  and  in 
excess  redissolve  the  precipitate,  with  production  of  a  fine  blue  colour ; 
but  the  reaction  is  less  rapid,  and  the  colour  less  brilliant,  than  when 
ammonia  is  used. 

They  absorb  carbonic  acid,  though  slowly,  the  lower  fractions  doing 
so  more  energetically  than  the  higher  ones ;  and,  in  fact,  the  intensity 
of  their  action  may  in  all  cases  be  said  to  be  inversely  as  the  tempe- 
rature at  which  they  distil. 

They  may  be  divided  into  two  groups  by  the  difference  in  their 
solubility,  those  below  320°  dissolving  easily  in  water,  and  those  distil- 
ling above  that  temperature  being  much  less  soluble,  the  insolubility 
increasing  rapidly  with  the  rise  of  boiling  point. 

All  the  fractions  form  double  salts  with  bichloride  of  platinum  ; 
those  of  the  lower  fractions  crystallise  with  facility,  the  higher  ones  on 
the  contrary  with  considerable  difficulty. 

All  the  products  above  330°  strike  a  yellow  colour  with  fir-wood  and 
hydrochloric  acid.  Those  between  360°  and  410°  give,  when  treated 
with  solution  of  bleaching  powder,  a  beautiful  green  colour,  which  is 
due  to  the  presence  in  small  quantity  of  a  base  not  yet  isolated,  to 
which  I  have  given  the  name  of  Vertidine.  At  my  request  Dr. 
Anderson  examined  the  fraction  about  that  point  from  DippeFs  oil, 
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but  could  not  ascertain  the  presence  of  vertidine;  but,  on  converting  the 
portion  coming  over  about  355°  into  a  nitrate,  and  boihng  with  nitric 
acid  until  the  aniline  was  completely  destroyed,  and  then  distilling 
with  lime,  he  obtained  a  base  which  gave  a  feeble  green  tint  with 
bleaching  powder,  and  otherwise  agrees  in  its  general  properties  with 
vertidine.  Whatever  the  nature  of  this  base  may  prove  to  be,  it  evi- 
dently approximates  closely  in  composition  to  those  which  distilled 
about  410°,  since  the  fraction  at  that  point  has  precisely  the  compo- 
sition of  lutidine. 

It  was  attempted  to  isolate  that  base  by  repeated  fractionation ;  but 
after  an  immense  number  of  distillations,  the  base  which  afforded  the 
green  reaction  was  found  to  be  too  small  in  quantity  to  afford  a  chance 
of" fixing  it  within  a  moderate  range  of  degrees. 

The  first  fraction  obtained  was  between  200°  and  210°  F. ;  the  quan- 
tity was  so  small  that  it  was  impossible  to  submit  it  to  so  complete  a 
rectification  as  could  have  been  wished  ;  it  was  therefore  saturated  with 
hydrochloric  acid,  and  bichloride  of  platinum  added  in  excess.  The 
crystals,  which  soon  precipitated,  filtered  off,  well  washed  with  ether, 
and  dried  at  212°  F.,  gave,  on  combustion,  the  following  numbers  : — 

I.  6'250  gave  5'490  carbonic  acid,  and  1*520  water. 

7-315     „    2-440  platinum. 
II.  8-430     „    2-830 


Experiment. 
I.         II. 

Calculation. 

Carbon     . 

.     2?96      ^ 

24-07     Ci2     72 

Hydrogen 

.       2-70      — 

2-67     Hg       8 

Nitrogen 

—        — 

4-73     N       14 

Chlorine 

—        — 

35-59     CI3  106-5 

Platinum 

.     33-35    33-56 

32-94     Pt      98-8 

100-00  299-3 

The  base,  therefore,  is  picoline,  with  the  theoretical  constitution  of 
which  the  analysis  almost  exactly  agrees.  The  true  boiling  point  of 
picoline  is  272° ;  it  would,  therefore,  appear  strange  to  find  it  in  a 
fraction  collected  at  210°,  if  we  did  not  know  how  greatly  boiling 
points  are  modified  by  even  a  slight  admixture  of  substances  which 
distil  at  different  temperatures ;  besides  which,  the  history  of  the 
boiling  points  of  these  bases  is  full  of  anomalies  :  for  instance,  aniline, 
which  has  absolutely  the  same  composition  and  atomic  weight  as 
picoline,  boils  88°  above  that  substance,  namely  at  360°,  and  it  is 
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singular  that  the  same  difference  is  found  between  the  isomers  luti- 
dine  and  toluidine,  the  former  boiling  at  300°  and  the  latter  at  388°. 

In  fact,  the  volatile  organic  bases  appear  to  present  more  remarkable 
cases  of  isomerism  than  any  other  class  of  substances  :  this  will  imme- 
diately be  seen  by  reference  to  the  highly  singular  and  interesting 
alkaloids  discovered  by  Dr.  Hofmann. 

The  next  fraction  analysed  was  that  coming  over  between  270°  and 
280° ;  it  was  converted  into  platinum  salt  and  crystallised,  the  first 
used. 


J^      \J1.X1\        K/Kjl-Ll^        lAOV^V^.               J.Xl.l/^t 

e  following  result : — 

\Aijni^   ab   (>^x^ 

It   vvaa    uumi,,  c 

7-130  gave  6-835  carbonic  acid,  and  2-03  water. 
8-625     „    2-740  platinum. 

This  corresponds  to  : 

Experiment 

Calculation. 

Carbon  .     .     26'14 
Hydrogen  .       3*16 
Nitrogen     .        — 
Chlorine      .        — 
Platinum     .     31-76 

26-81 

3-19 

4-49 

34-00 

31-51 

Hio        10 

N           14 
CI3      106-5 
Pt         98-7 

100-00  313-2 

Dr.  Anderson  obtained,  as  a  mean  result  of  his  analyses  of  platino- 
chloride  of  lutidine  from  bone-oil, 


Carbon    . 

.     26-35 

Hydrogen 

Nitrogen 

Chlorine 

.       3-23 

Platinum 

.     31-50 

The  numbers  given  above,  therefore,  agree  pretty  closely  with  the 
theoretical  constitution  of  this  base,  which  was  discovered  by  Dr. 
Anderson  among  the  alkaloids  of  DippePs  oil,  and  which,  it  is 
believed,  has  not,  until  the  present  time,  been  observed  by  any  other 
chemist. 

The  deficiency  ii^  the  carbon  points  to  an  admixture  with  picoline, 
which  supposition  is  to  some  extent  confirmed  by  the  slight  excess  of 
platinum.  To  render  this  result  the  more  certain,  the  mother- liquor, 
from  which  the  crystals  analysed  were  deposited,  was  evaporated  and 
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set  aside,  when  a  second  crop  was  formed ,  which_,  on  careful  ignition, 
gave  the  following  numbers  : — 

I.  4' 71 5  gave  1'545  platinum. 
II.  8-770     „     2-880 

I.  II.  Mean.  Theory  (picoline). 

32-76  32-83  3279  32-94 

"We  therefore  see  at  once  that  the  fraction  between  270°  and  280° 
consisted,  even  after  repeated  rectifications,  of  a  mixture  of  the  two 
bases,  the  first  crop  consisting  chiefly  of  lutidine,  and  the  second  of 
picoline.  This  result,  and  many  others  obtained  in  the  course  of  the 
investigation,  show  that  the  fractional  crystallisation  of  the  platinum- 
salts  of  these  bodies  would  be  a  far  more  accurate  means  of  separation 
than  distillation;  in  fact.  Dr.  Anderson  states  that  he  w^as  only 
deterred  from  adopting  this  method  by  the  very  large  quantity  of 
platinum  necessary  for  the  purpose.  Moreover,  it  would  avoid  the 
great  loss  which  is  inevitably  incurred  in  so  many  distillations,  which 
arises,  not  only  from  the  impossibility  of  condensing  the  whole  of  the 
vapour  in  an  apparatus  which  has  to  be  taken  to  pieces  every  few 
minutes,  but  also  from  the  fact  that  the  bases  are  partially  decom- 
posed by  exposure  to  a  high  temperature,  a  perfectly  colourless 
distillate  becoming  brown  after  boiling  for  some  time. 

The  next  fraction  which  was  analysed  was  that  which  came  over 
between  300°  and  310°:  it  had  a  somewhat  less  pungent  and  more 
aromatic  odour  than  the  previous  products.  It  was  analysed  by 
passing  its  vapour  over  oxide  of  copper,  the  usual  precautions  being 
taken  in  all  the  analyses  to  prevent  the  oxidation  of  the  nitrogen 
from  rendering  the  carbon  determination  inaccurate. 

I.  7*035  gave  20-335  carbonic  acid,  and  5-385  water. 
II.  3-810     „     10-975  „  2-950      „ 


Experiment. 

Calculation. 

I. 

ir. 

Mean. 

^-— ^-^ 

~"~^ 

Carbon     . 

78-83 

78-55 

78-68 

78.50 

Ci. 

84 

Hydrogen 

8-50 

8-60 

8-55 

8-41 

Hg 

9 

Nitrogen  . 

12-68 

12-85 

12-77 

13-09 

N 

14 

100-00  100-00       100-00       100-00  107 

These  analyses,  therefore,  agree  almost  exactly  with  the  theoretical 
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composition  of  lutidine ;  and,  moreover,  the  base  came  over  at  the 
temperature  which  has  been  assigned  to  lutidine  as  its  boiling  point 
by  the  discoverer. 

With  the  intention  of  confirming  the  result  of  the  analysis,  a  de- 
termination was  made  of  the  platinum  in  the  double  salt  of  that  metal, 
with  the  following  result : — 

I.  6-615  gave  2*085  platinum. 
II.  4-965     „     1-580 

I.  II,  Mean.  Theory. 

31-51  31-82  31-66  3151 

Carniidine, — By  passing  the  vapour  of  the  last  fraction  (lutidine) 
over  red-hot  lime,  it  is  decomposed,  with  deposition  of  carbon,  the  lime 
becoming  black  to  the  centre  of  the  fragments,  and  what  appears  to 
be  a  new  base  is  formed,  to  which  the  above  name  may  be'given.  Its 
reactions  are,  perhaps,  more  marked  than  any  of  the  volatile  bases  of 
this  class  yet  known.  With  fir-wood  and  muriatic  acid,  a  beautiful  red 
tint  is  produced,  and  with  bleaching  powder  a  fine  bluish-green,  of  a 
different  tint  and  developed  in  a  different  manner  from  that  obtained 
with  the  same  reagent  from  vertidine,  the  new  base  which  has  been 
alluded  to  previously,  the  colour  commencing  from  the  top  of  the 
liquid,  whereas  in  vertidine  it  begins  from  the  bottom.  The  tint  is 
moreover  much  less  fugitive  than  that  of  the  other  base.  Several 
attempts  were  made  to  isolate  it,  but  the  very  small  quantity  at  my 
disposal  was  exhausted  before  the  experiments  were  sufficiently 
advanced  to  enable  me  to  procure  it  in  a  state  fit  for  analysis. 
Unfortunately  the  platinum-salt  as  at  present  procured  does  not 
crystallise,  but  forms  a  mass  of  the  consistence  of  Venice  turpentine, 
exceedingly  soluble  in  water  and  spirit,  from  a  solution  in  which  it  is 
precipitated  by  ether  in  the  state  of  oily  drops.  Results  have  been 
obtained  which  indicate  that  the  mercury-salt  will  afford  the  means 
of  ascertaining  its  constitution.  It  is  possible  that  the  reactions  of 
carmidine  may  arise  from  the  conversion  of  a  portion  of  the  lutidine 
into  pyrrol  and  vertidine ;  and  the  difference  in  the  manner  in  which 
the  green  colour  is  developed,  may  be  caused  by  the  presence  of 
some  impurity  at  present  unknown :  the  subject  is  now  under  in- 
vestigation. 

The  next  fraction  Examined  was  that  between  350°  and  360°. 

I.  3-850  gave  11*09    carbonic  acid,  and  3*00  water, 
II.  5-425     „     15-670  „  4-44      „ 
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I,  II.  Mean.  Theory. 

Carbon      .     .     78-54         78*77         78-65         78*50 
Hydrogen       .       8-64  9-09  8-86  8-41 

Nitrogen  .     .     12-82         12-15         12*49         13  09 


100-00       J  00-00       100-00       100-00 

being    the  same  result  as  the  last  analysis.      The    sp.  gr.  of  this 
fraction  was  '928. 

The  next  distillate  analysed  after  this  came  over  between  380°  and 
440°,  the  rise  of  the  thermometer  being  too  rapid  to  allow  of  inter- 
mediate fractions  being  obtained. 

5*255  gave  15-175  carbonic  acid,  and  4-22  water. 

Carbon  ....  78-75 
Hydrogen  ....  8-92 
Nitrogen    ....     12*34 


100-00 


the  per-centage  composition  of  latidine  being  still  indicated, — with, 
however,  a  sufficient  rise  in  the  carbon  and  hydrogen  to  show  an 
admixture  of  the  next  base.  It  is  submitted  that  these  last  results 
are  important,  as  showing  how  greatly  the  boiling  points  of  this  class 
of  bodies  are  influenced  by  the  presence  of  bases  of  closely  approxi- 
mating constitution,  but  which  distil  at  a  higher  temperature.  It  has 
been  shown  by  Anderson,  in  his  investigation  of  the  DippeFs  oil 
bases,  that  fractions  obtained  at  considerable  thermometric  intervals 
may  have  almost  exactly  the  same  composition,  under  the  circum- 
stances just  indicated.  In  his  analysis  of  the  same  base,  he  made 
use  of  fractions  from  310°  to  324°^  and  in  the  platinum-salts  from 
295°  to  335°. 

There  is  no  doubt,  however,  that  if  sufficient  material  had  been 
at  my  disposal,  so  as  to  allow  of  a  more  perfect  separation  by  frac- 
tional distillation,  the  base  of  the  composition  found  in  the  last  four 
fractions  might  have  been  brought  much  closer  to  its  real  boihng 
point,  and  not  have  extended  over  so  very  large  a  range  of  degrees  as 
from  300°  to  440°.  After  the  distillations  had  been  repeated  a  great 
number  of  times,  the  chief  bulk  was  condensed  into  a  few  degrees  on 
each  side  of  310° ;  the  fractions,  therefore,  after  340°,  were  exceedingly 
small  in  quantity,  which  rendered  their  further  purification  by  this 
method  impracticable. 

The  next  fraction  analysed  was  that  coming  over  between  440° 
and  460°. 
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4*655  gave  13*543  carbonic  acid,  and  3*825  water. 

Experiment.  Calculation. 

Carbon     .     ,     ,     .     79  34         79*33     C^q     96 
Hydrogen     .     .     .       9*12  9*09     H^     11 

Nitrogen.    .     .     .     11*55         11*58     N        14 


100*00       100*00  121 

being  exactly  the  composition  of  the  base  of  the  picoline  series  next 
to  lutidine,  the  discovery  of  which  in  bone-oil  was  communicated  to 
me  by  Dr.  Anderson  about  a  fortnight  previous  to  its  being  found 
among  the  products  of  the  distillation  of  the  Dorsetshire  shale.  It 
is  believed  that  no  account  of  it  has  yet  been  published.  The  boiling 
point  was  found  by  Anderson  to  be  about  355° :  this  discrepancy  is 
easily  accounted  for,  the  quantity  at  my  disposal  being  too  small  to 
allow  of  its  being  separated  perfectly  from  the  next  base,  which  has 
probably  a  boihng  point  of  500°,  a  small  quantity  of  liquid  remaining 
in  the  retort  at  that  temperature. 

The  next  fraction  that  was  obtained   in    sufficient    quantity  for 
analysis,  came  over  between  460°  and  490°. 

3*380  gave  9*845  carbonic  acid,  and  2*70  water. 


Carbon       .     . 

.     .     79*43 

Hydrogen  .     . 

.     .       8*87 

Nitrogen    .     . 

.     .     11*70 

100*00 

This  result  is  too  close  to  the  last  to  allow  of  our  deriving  a 
different  formula  from  it ;  but  there  is  still  another  fraction  which 
does  not  volatilise  when  the  thermometer  has  risen  to  500°,  though 
in  too  minute  a  quantity  for  an  accurate  examination  -j^  as,  however, 
it  was  not  probable  that  I  should  have  an  opportunity,  for  a  long  time, 
of  obtaining  the  material  for  another  investigation,  I  was  most  de- 
sirous of  pushing  the  inquiry  as  far  as  possible,  in  the  endeavour  to 
demonstrate  the  presence  of  the  next  base  of  the  series,  which  would 
be  isomeric  with  cumidine.  The  first  experiment  showed  me  that  I 
was  not  to  expect  rigorously  accurate  results,  for  that  a  partial  decom- 
position had  takerf  place  was  evident  from  the  fact,  that,  although 
the  substance  when  first  prepared,  about  two  months  previously,  did 

*  Somewhat  less  than  a  drachm  was  obtaiued. 
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not  contain  a  trace  of  water,  nevertheless,  on  redistillation,  the  first 
portion  contained  a  little  of  that  substance. 

The  quantity  being  insufficient  for  purification,  it  was  introduced 
into  a  very  small  retort,  blown  on  a  piece  of  tube,  and  brought  over 
very  slowly,  the  product  being  received  in  four  portions  containing 
about  ten  drops  m  each.  The  first  fraction  was  rejected,  as  it  con- 
tained the  chief  part  of  the  water :  the  other  three  were  burnt,  with 
the  following  results  : — 

I.  3 '795  gave  11*277  carbonic  acid,  and  3*148  water. 
II.  4*942     „     14*540  „  3*957     „ 


III.  4*622     „     13*702  „  3*445 


}} 


I. 

II. 

III. 

Mean. 

Theory. 

Carbon   .     . 

81*04 

80*23 

80*85 

80-70 

C,s 

80*00 

Hydrogen    . 

9*21 

8*89 

8*28 

8*79 

Hn 

9*62 

Nitrogen 

9*75 

10*88 

10*87 

10*51 

N 

10-38 

100-00  100-00  100-00   100-00     100-00 

The  decomposition  which  had  taken  place  having  acted  by  re- 
moving the  hydrogen  in  the  form  of  water,  and  also  by  eliminating 
some  substance  or  substances  containing  excess  of  carbon,  as  shown 
by  the  dark  colour  of  the  distillate,  renders  the  very  considerable 
difierence  between  the  theoretical  and  experimental  numbers  easy  of 
explanation  ;  in  fact,  it  is  remarkable  that  the  difference  is  not  greater, 
especially  when  it  is  considered  that  the  circumstances  detailed  ren- 
dered further  purification  impossible. 

Some  peculiarities  in  the  character  of  this  base  having  rendered  its 
histoiy  worthy  of  some  examination,  I  have  promised  myself  to  return 
to  the  subject  as  soon  as  1  have  obtained  a  further  supply  of  material ; 
in  the  meantime  I  propose  to  assign  it  the  name  of  Parvoline,  in 
allusion  to  its  small  volatility  as  compared  with  its  associated 
bases. 

If  the  analyses  just  given  were  the  only  proofs  obtainable,  I  should 
be  diffident  in  quoting  them  as  decisive  evidence  of  the  presence  of  a 
new  base ;  but  taken  in  conjunction  with  the  other  phenomena  ob- 
served in  the  course  of  the  investigation,  and  especially  with  the  fact 
of  the  steady  increase  in  the  carbon  and  hydrogen  in  the  previous 
fractions,  it  is  submitted  that  there  can  be  no  doubt  whatever  of  the 
existence  in  shale  naphtha  of  the  isomer  of  cumidine,  in  which  case 
we  have  five  members  of  a  group  of  the  general  formula  (C^  H^  _  g)  N, 
of  which  the  following  terms  are  known  : — 
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Pyridine Ciq  H5  N. 

Picoline C12  H^  N. 

Lutidine C^^  Hg  N. 

Anderson's  new  base    .     .  CigHi^N. 

Parvoline CigHjgN. 

It  will  be  seen  that  the  carbon  and  hydrogen  advance  by  steps  of 
C2  H2,  and  that  the  carbon  is  always  5  equivalents  more  than  the 
hydrogen. 

It  is  hoped  that  this  fact^  and  an  examination  of  their  products  of 
decomposition^  will  soon  enlighten  us  as  to  their  constitution.  In  a 
communication  recently  received  from  Dr.  Anderson,  he  states  that 
he  has  discovered  picoline  to  be  a  nitryle  base,  which  becomes  the 
more  remarkable  when  we  consider  that  the  members  of  this  class 
contain  three  radicals ;  and  there  being  in  this  instance  only  seven 
equivalents  of  hydrogen  to  divide  between  the  three,  their  constitution 
must  be  extremely  singular.  This  is  still  more  evident  in  the  case  of 
pyridine,  where  five  equivalents  of  hydrogen  have  to  be  divided  into 
three  groups.  We  may  probably  expect  from  the  labours  of  Dr. 
Anderson,  with  which  he  is  at  present  engaged,  a  complete  history 
of  the  properties  and  constitution  of  these  remarkable  bodies. 

It  is  highly  interesting  to  observe  the  strict  parallelism  which  exists 
between  the  two  groups  of  bases,  of  which  aniline  forms  the  first  term 
in  the  one  case,  and  pyridine  in  the  other.     For  example — 

Unknoivn  .  Cjo  H5  N.  Pyridine  .  C^o  Hg  N. 

Aniline    .  .  C^g  H^  N.  Picoline  .  C^j  H^  N. 

Toluidine  .  C^^  Hg  N.  Lutidine  .  C^^  Hg  N. 

Xylidine*  .  C^g  H^^  N.  New  base  .  Cjg  Hn  N. 

Cumidine  .  C^g  H^g  N.  Parvoline  .  Cjg  Hjg  N. 

One  of  the  aniline  series  is  seen  to  be  wanting — namely,  the  isomer 
of  pyridine ;  this  term  might  doubtless  be  supplied  by  treating  its 
corresponding  hydrocarbon  in  the  same  way  that  aniline  is  obtained 
from  benzole,  cumidine  from  cumole,  fecf 

It  is  somewhat  singular  that  while  aniline  is  at  present  the  type 

*  Comptes  Rendus,  Vol.  xxx.  p.  319. 

t  While  on  this  track,  I  subjected  the  more  volatile  portion  of  coal-tar  naphtha  to 
a  careful  fractionation,  and  obtained  a  very  small  quantity  of  a  product  boiHng  at  110°, 
which  was  acted  on  by  i\|tric  acid ;  but  the  compound  dissolved  almost  entirely  in  the 
large  quantity  of  water  into  which  it  was  thrown,  with  the  intention  of  precipitating 
it,  and  from  which  I  was  unable  to  separate  it  in  a  state  fit  for  the  action  of  sul- 
phuretted hydrogen  :  this,  however,  is  not  a  serious  difficulty,  and  I  hope  very  soon 
to  obtain  a  more  satisfactory  result. 
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of  the  one  series,  that  it  is  nevertheless  found  among  the  bases  of 
DippeFs  oil  associated  with  the  picoHne  group,  and  yet  that  the 
latter  class,  as  obtained  from  the  shale  products,  does  not  contain  a 
trace  of  aniline.  Stenhouse  also  demonstrated  its  absence  from  the 
bases  obtained  by  him  from  beans.  It  is  evident,  also,  that  the  last- 
named  chemist's  bases  have  many  points  of  resemblance  to  those 
from  bones  and  the  Dorsetshire  shale :  in  fact,  the  formula  which  he 
deduces  from  the  analyses  of  the  fraction  between  302°  and  311° 
only  differs  from  the  constitution  of  pyridine  by  1  equivalent  of 
hydrogen,  and  the  carbon  in  the  portion  distilling  between  392°  and 
410°  is  almost  exactly  the  theoretical  amount  in  that  base.  The 
hydrogen,  on  the  other  hand,  approaches  closely  to  the  per-centage  in 
lutidine. 

In  a  specimen  of  the  base  from  beans,  which  I  was  shown  by 
Dr.  Stenhouse,  I  observed  the  peculiar  bitter  sensation,  on  inhaling 
its  vapour,  which  has  been  previously  alluded  to  as  characteristic  of 
picoline  :  it  becomes,  therefore,  extremely  probable  that  the  bean  bases 
are  mixtures  of  those  found  in  the  DippeFs  oil  and  shale  products, 
with  some  substance  easily  decomposed  and  resinified  by  nitric  acid. 

It  results,  in  effect,  from  the  experiments  detailed,  that  the  bitumi- 
nous shale  yields  by  its  distillation  several  bases,  which  are  identical 
with  those  procured  by  the  same  processes  both  from  coal  and  also 
from  recent  bones;  but,  although  this  is  the  case,  we  cannot  but  be 
surprised  at  the  absence  of  aniline,  which,  from  its  marked  reactions, 
had  become  to  a  certain  extent  characteristic  of  this  class  of  decom- 
position. 

In  conclusion,  it  is  suggested  that,  as  in  the  present  state  of  our 
knowledge,  pyridine  forms  the  first  step  of  the  one  class,  it  would  be 
more  regular  to  give  its  name  to  the  group,  instead  of  calling  it  the 
"  Picoline  Series,'^  as  is  usually  done. 


XII. — On  Caprylamine. 

By  William   S.    Squire. 

The  remarkable  alcohol  discovered  by  M.  Bonis,  in  the  reaction  of 
hydrate  of  potash  upon  castor  oil,  has  been  repeatedly  analysed  by 
himself  and  other  chemists  ;  the  results  obtained  have  been  translated 
into  the  formulse  C^g  H|8  O2,  and  Cj^  H^g  O2,  whence  it  is  evident  that 
the  new  alcohol  must  be  either  caprylic  or  o^nanthylic  alcohol.     The 
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opinions  of  chemists  remaining  undecided  upon  this  point,  I  was 
induced  by  Dr.  Hofmann  to  study  the  ammonias  corresponding  to 
this  alcohol.  The  analyses  of  these  compounds,  and  especially  of  the 
higher  bases,  appeared  to  be  particularly  calculated  to  solve  this 
question ;  since  in  forming  the  fourth  bases,  for  instance,  we  obtain  a 
much  greater  difference  in  the  carbon  and  hydrogen  equivalents  than 
in  the  alcohols  from  which  they  are  derived.     Thus : — 


Capi'ylic  alcohol      .     .     Cjg  Hjg  Og 

(Enaiithylic  alcohol    .     . 

Cl4  Hi6  0, 

Iodide  of  Tetracapryl- )     ,i     „     t. t  y 
ammomum     .      j     <-64  H^g  N I 

lodidcot'TetrcEnauihyl-  \ 
ammonium     .  j 

C56HfioNI 

The  castor  oil  was  saponified  by  means  of  solution  of  caustic  potash, 
and  the  resulting  soap  was  distilled  with  a  portion  of  caustic  potash 
amounting  to  about  one-third  of  the  weight  of  the  oil ;  an  energetic 
action  ensued,  with  an  abundant  evolution  of  hydrogen  gas  and  an 
aromatic  oil  distilled  over,  mixed  with  water.  This  oil,  when  sepa- 
rated and  rectified,  boils  at  the  temperature  of  179°  C.  The  quantity 
of  alcohol  obtained  in  this  way  is  about  one-fifth  of  the  oil  originally 
employed.  If  the  distillation  be  continued  further,  various  empy- 
reumatic  products  pass  over,  which  I  have  not  yet  examined. 

In  order  to  determine  the  composition  of  the  alcohol,  it  was  con- 
sidered desirable  to  form  the  ammonia-bases  of  the  series :  with  this 
object,  the  alcohol  was  saturated  with  an  equal  weight  of  iodine,  and 
the  solution  decolorised  by  heating  it  with  phosphorus  in  a  water- 
bath.  The  oil  thus  obtained,  when  washed  with  water,  is  the  iodide 
of  the  alcohol-radical  in  a  state  of  tolerable  purity.  When  this  body 
is  distilled  in  a  retort,  it  is  found  to  boil  at  the  temperature  of  193° ; 
it  does  not,  however,  boil  without  some  decomposition,  hydriodic  acid 
being  copiously  evolved,  with  formation,  probably,  of  hydrocarbons  of 
the  series  C^  H^. 

The  iodide  was  then  enclosed  with  alcoholic  ammonia  in  strong 
soda-water  bottles  wired  down,  and  exposed  to  the  heat  of  boiling 
water :  in  about  two  days  combination  was  effected.  A  portion  was 
also  tried  with  aqueous  ammonia,  but  at  the  end  of  fourteen  days  no 
effect  had  been  produced. 

The  bottles  were  then  opened,  and  the  contents  distilled  off  to 
one-fourth ;  the  residue  was  evaporated  in  a  water-bath  to  a  small 
bulk,  in  order  to  get  rid  of  any  free  alcohol  or  iodide :  it  was  then 
distilled  with  potash.  The  distillate,  dehydrated  by  means  of  caustic 
potash,  and  rectified,  was  a  colourless  liquid,  of  a  strong  alkaline  reac- 
tion, bitter  taste,  and  fishy  odour,  acting  on  the  skin  like  potash :  it 
boiled  at  164°;  the  sp.  gr.  was  0*786. 

When    dissolved   in    dilute    hydrochloric    acid,    and    mixed   with 
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bichloride  of  platinum,  it  furnished  a  platinum-salt  of  a  magnificent 
golden  colour,  soluble  to  a  certain  extent  in  cold  water,  much  more 
so  in  hot,  pretty  soluble  in  alcohol,  and  very  much  so  in  ether.  It 
was  purified  by  crystallisation  from  hot  water,  from  which  it  was 
deposited  in  large  thin  plates.  It  furnished  the  foUowmg  results  on 
analysis  : — 

0-4816  grm.  yielded  0*1414  grm.  of  platinum  =29-36  per  cent. 

0-1982     „        „       0-0584    „  „  =29-46       „ 

0-2485     „         „       0-2583    „      of  carbonic  acid  =28-35       „         of  carbon. 

0-1982    „        ,,      0-2096    „  „  „  =2839      „ 

The  base  itself,  when  burned  with  oxide  of  copper,  gave  the  following 

results  : — 

0-2000  grm.  yielded  0-5450  grm.  of  carbonic  acid  =74-34  per  cent,  of  carbon. 
„         ,,         „       02650     „     of  water  =14-72       „         of  hydrogen. 

.0-1745     „         „       0-4750     „     of  carbonic  acid  =74*24       „         of  carbon. 

„       0-2277     „     of  water  =  14-49       „         of  hydrogen. 

If  we  compare  the  per-centages  obtained,  with  those  calculated 
from  the  theoretical  formulae  of  caprylamine  (CigHigN),  and  oenan- 
thylamine  (C^^  H^^  N)  we  shall  see  that  the  results  obtained  corres- 
pond much  more  closely  with  that  of  the  former  base  : 

Theory. 


Carbon     . 

Mean  of 
Experiments. 

.  74-29 

Caprylamine. 

74-41 

CEnanthylamine. 

73-04 

Hydrogen 
Nitrogen  . 

.  14-61 
.  11-10 

14-72 
10-97 

14-78 
12-18 

100-00 

100-00 

100-00 

PLATINUM 

-SALT. 

Platinum  . 

Mean  of 
Experiments. 

.  29-41 

Theory. 
Caprylamine.    CEnanthylamine. 

29-5             30-7 

Carbon     . 

.  28-37 

28-6 

30-6 

These  numbers,  I  think,  must  lead  us  to  consider  the  base  produced 
under  the  above-mentioned  circumstances  as  caprylamine,  and  to 
assign  to  it  the  formula  C^g  H^g  N,  and  to  its  platinum-salt  the  formula 
CigH^oN,  PtClg ;  and,  therefore,  to  regard  the  alcohol  from  which  it 
is  derived,  as  the  alcohol  of  the  capryl  series,  a  conclusion  at  which 
my  friend  M.  Moschnin*  has  likewise  arrived. 

When  I  shall  have  completed  the  investigation  of  the  other  bases, 
and  especially  of  the  fourth,  I  hope  to  present  still  further  expe- 
mental  evidence  of  the  view  which  I  have  ventured  to  advance. 

*  Ann,  Pharm.  hxxvii.  1. 
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XIII. — Critical  Observations  on  Williamson's  Theory  of  Water ^ 
Ethers,  and  Acids. 

By  H.  Kolbe. 

The  hypothesis  lately  proposed  by  Williamson*  respecting  the 
constitution  of  water,  and  of  the  alcohols,  ethers,  and  acids,  has  rapidly 
gained  adherents — as  shown  by  the  recent  highly  meritorious  labours 
of  Gerhardt,  Chancel,  and  others — and  appears  to  have  excited 
considerable  attention  in  all  quarters,  inasmuch  as  it  affords  a  simple 
and  plausible  explanation  of  a  large  number  of  phenomena,  and 
seeks  to  unite  the  most  heterogeneous  compounds  under  one  point  of 
view. 

The  proposer  of  a  new  hypothesis  is  bound  to  show — first,  that  the 
facts  on  which  it  is  based  are  either  totally  inconsistent  with  established 
views,  or  at  least  less  consistent  than  with  his  own, — and  secondly, 
that  the  new  hypothesis  maintains  itself  in  its  consequences.  Neither 
of  these  points  has  been  attended  to  by  Williamson.  Moreover, 
this  hypothesis  has  hitherto  been  regarded  solely  from  the  particular 
point  of  view  selected  by  its  adherents.  I  will  endeavour  to  view  it 
in  a  different  light. 

Williamson  grounds  his  theory  of  the  constitution  of  alcohol  and 
ether — which  are  expressed  by  the  formulae, 

^2  ^5 1  0  (alcohol),   and  ^^\^]0  (ether)— 

principally  on  a  new  mode  of  forming  ether  discovered  by  himself, 
viz.  from  ethylate  of  potash  and  iodide  of  ethyl,  considering  this 
reaction  in  connection  with  the  formation  of  a  new  ether  (vinomethylic 

ether),  which,  according  to  his  hypothesis,  contains  n  i,^  ]  0,  and  is 

obtained  in  a  similar  manner  by  the  action  of  ethylate  of  potash  on 
iodide  of  methyl.  These  results  he  regards  as  affording  so  incontro- 
vertible a  demonstration  of  the  correctness  of  his  view,  that  he 
dismisses  the  idea  of  explaining  the  above-mentioned  formation  of 
ether  by  the  old  theory — according  to  which,  ethylate  of  potash  and 
iodide  of  ethyl  would  be  supposed  to  yield  iodide  of  potassium  and 
2  atoms  of  oxide  of  "ethyl — with  the  simple  remark  "  that  the  insuffi- 
ciency of  this  explanation  becomes  evident  on  a  little  reflection.'^ 

*  An.  Ch.  Pharm.  [2],  i.  37 ;  v.  73 ;  Chem.  Soc.  Qu.  J.  iv.  106  and  229. 
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But  the  older  ether-theory  has  so  long  been  regarded  as  a  main 
pillar  of  theoretical  organic  chemistry,  that  it  is  really  entitled  to  a 
more  systematic  refutation  than  is  afforded  by  this  very  summary 
dismissal. 

If,  as  is  here  done  by  Williamson,  we  regard  the  mode  of  forma- 
tion of  a  body  as  alone  sufficient  to  determine  its  chemical  constitution, 
we  shall  be  led  in  many  instances  to  rather  startling  conclusions. 
Williamson's  mode  of  reasoning,  applied  to  the  action  of  sulphuretted 
hydrogen  upon  sulphurous  acid  (2  H  S  +  S  02  =  2  H  O  +  3  S),  might 
lead  to  the  conclusion  that  the  sulphur-molecule  thus  set  free  is  com- 
posed of  3  atoms  of  sulphur,  or  that  it  is  a  compound  whose  formula 
is  §2  S.  Just  as  Williamson  sees  a  confirmation  of  his  hypothesis 
respecting  the  constitution  of  ether,  in  the  fact  that  ethylate  of  potash 
and  iodide  of  methyl  yield,  not  a  mixture  of  vinic  and  methylic  ethers, 

but  his  compound,   n  y.^}^)  so  might  we,  from  the  known  reaction 

of  sulphuretted  hydrogen  and  selenious  acid — which  likewise  yields, 
not  a  mixture  of  sulphur  and  selenium,  but  sulphide  of  selenium, 
S2  Se — deduce  an  argument  in  favour  of  the  above-mentioned  hypo- 
thesis that  the  atomic  weight  of  the  sulphur  set  free  in  this  re- 
action is  three  times  as  great  as  that  which  is  usually  attributed  to 
sulphur. 

"  It  is  clear,''  says  Williamson,  *^^that  if  alcohol  contains  ether 
and  water,  and  the  carburetted  hydrogen  (ethyl)  in  the  first  experi- 
ment formed  a  second  atom  of  ether  by  taking  the  place  of  the 
hydrogen  of  this  water,  the  process  being  the  same  in  the  second 
experiment,  we  should  then  have  obtained  two  ethers  ;  whereas,  if  the 
formation  of  ether  from  alcohol  be  effected  by  synthesis,  a  new  carbu- 
retted hydrogen  being  added  to  the  one  already  contained  in  the 
alcohol,  we  ought  to  obtain  the  new  intermediate  ether  which  was 
really  produced." 

That  this  body  may  also  be  regarded  as  a  compound  of  vinic  ether 
with  methylic  ether  =  C^  H5  0,  C^  H3  0,  is  an  idea  which  Williamson 
appears  altogether  to  ignore.  Perhaps,  however,  it  is  this  view  of 
which  he  says  that  its  inadmissibility  becomes  evident  on  a  little 
reflection.  I  presume,  indeed,  that  Williamson  regards  the  oxides 
of  ethyl  and  methyl  as  altogether  incapable  of  uniting  into  a  stable 
compound,  on  account  of  the  great  similarity  of  their  chemical  pro- 
perties. This  prejudice,  however,  is  easily  refuted  by  analogies  from 
inorganic  chemistiy.  Nobody  has  yet  found  any  difficulty  in  ad- 
mitting the  existence  of  chemical  compounds  of  selenium  and  sulphur, 
S2  Se,  or  of  chlorine  and  iodine,  I  CI  and  I  CI3,  which  are,  however, 
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quite  as  closely  allied  to  each  other  as  the  oxides  of  ethyl  and  methyl. 
Why  then  should  the  existence  of  the  compound  C4  H5  0.  C^  H3  0  be 
less  aduiissible  ? 

Similar  remarks  apply  to  the  compounds  which  Chancel  has 
obtained  by  distilling  sulphomethylate  of  potash  with  carbovinate  of 
potash,  and  oxalomethylate  of  potash  with  sulphovinate  of  potash, — 
viz.  the  double  compounds  :  C^  Hg  0.  C  O3  +  C^  H3  0.  C  Og  and 
C4  Hg  0.  C3  O3  H-  C2  H3  0.  C2  O3,  which  may  be  classed  with  the 
many  well-known  double  salts  of  inorganic  chemistry. 

I  must  here,  however,  expressly  observe  that  the  preceding  remarks 
are  by  no  means  intended  as  a  complete  refutation  of  William son^s 
hypothesis  on  the  constitution  of  the  alcohols  and  ethers ;  but  I  think  I 
can  show  by  facts  the  untenability  of  his  acid-theory.  At  present  I  will 
merely  remark  that  Williamson,  by  the  facts  which  he  has  adduced, 
has  fallen  equally  short  of  giving  a  satisfactory  proof  either  of  the 
correctness  of  his  own  views,  or  the  insufficiency  of  the  hitherto 
received  theory  of  the  alcohols  and  ethers.  Neither  does  his  more 
recent  observation — that  a  mixture  of  equivalent  weights  of  the 
hydrated  oxides  of  amyl  and  ethyl  distilled  with  sulphuric  acid,  yields 
the  so-called  amyl-ethylal — affi^rd  any  argument  in  favour  either  of  his 
own  or  of  any  other  theory,  inasmuch  as  the  old  ether-theory  affords 
an  equally  satisfactory  explanation  of  this  formation  of  the  compound 
C.oH^O.C.H^O. 

Williamson  has  applied  his  ideas  to  an  apparently  very  simple 
explanation  of  the  process  of  etherificatibn.  He  supposes,  namely, 
that  the  alcohol  and  sulphuric  acid  first  form  water  and  sulphovinic  acid, 
which  latter  body  then  acts  upon  another  portion  of  alcohol  in  such 
a  manner  as  to  form  ether  and  sulphuric  acid,  which  latter  then  again 
gives  rise  to  the  production  of  sulphovinic  acid,  &c.  He  represents 
this  process  by  the  following  equations : — 

h  ^o^      .     Coh.  ^^      Coh,^c.r^       .    h 


h 


]S0,  +  %^Mo=YM^^4  +  1)0 


Sulphuric  Alcohol.  Sulphovinic 

acid.  acid. 


SO. 


The  latter  equation,  translated  into  the  language  of  the  old  theory, 
takes  the  following  form  : — 

C4  H5  0 .  SO3+  HO  .  S03  4-  C,  H5  0  .  H0  =  2  C^  H5  0  +  2  (HO .  SO3) 

VOL.  VII. —  NO.  XXVI.  I 
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Whatever  hypothesis  we  adopt  respecting  the  formation  of  ether  by 
sulphuric  acid — unless,  indeed,  we  regard  contact-action  as  the  cause 
of  it — it  still  remains  inexplicable  how  sulphovinic  acid  can  be  first 
resolved  into  ether  and  sulphuric  acid,  and  then  reproduced  at  the 
very  same  temperature.  Williamson  has  endeavoured  to  remove 
this  difficulty  by  a  new  hypothesis,  viz.  that  the  constituent  atoms  of 
all  chemical  compounds  are  in  a  state  of  constant  motion. 

He  says,  at  the  end  of  his  first  paper :  "  In  using  the  atomic 
theory,  chemists  have  added  to  it  of  late  years  an  unsafe  and  perhaps 
unwarrantable  hypothesis :  namely,  that  the  atoms  are  in  a  state  of 
rest.  This  hypothesis  the  author  of  the  present  paper  discards,  and 
reasons  on  the  broader  basis  of  atomic  motion.^\ 

This  categorical  declaration  may  perhaps  serve  to  cut  the  knot,  but 
will  assuredly  not  untie  it.  Williamson  has  taken  care  to  ensure 
by  examples  that  his  meaning  shall  not  be  misunderstood. 

'^  We  are  thus  forced,"  he  says,  "  to  admit,  that,  in  an  aggregate 
of  molecules  of  any  compound,  there  is  an  exchange  constantly  going 
on  between  the  elements  which  are  contained  in  it.  For  instance,  a 
drop  of  hydrochloric  acid  being  supposed  to  be  made  up  of  a  great 
number  of  molecules  of  the  composition  CI  H,  the  proposition  at 
which  we  have  just  arrived  would  lead  us  to  believe  that  each  atom  of 
hydrogen  does  not  remain  quietly  in  juxtaposition  with  the  atom  of 
chlorine  with  which  it  first  united,  but,  on  the  contrary,  is  constantly 
changing  places  with  other  atoms  of  hydrogen,  or  what  is  the  same 
thing,  changing  chlorine."  Williamson  finds  a  proof  of  this  con- 
ception in  the  well-known  fact  that  sulphate  of  copper  and  hydro- 
chloric acid,  when  mixed,  are  partly  converted  into  chloride  of  copper 
and  sulphuric  acid. 

If,  however,  this  constant  interchange  of  the  individual  hydrogen 
and  chlorine  atoms  really  takes  place  in  aqueous  hydrochloric  acid, 
how  much  more  readily  must  it  go  on  in  hydrochloric  acid  gas.  But 
unless  we  suppose  that  in  this  gaseous  compound,  each  atom  of 
hydrogen  is  firmly  united  to  an  atom  of  chlorine,  in  what  respect 
does  a  mixture  of  equal  volumes  of  chlorine  and  hydrogen  difi^er  from 
hydrochloric  acid  gas  ? 

Moreover,  if  this  motion  of  the  atoms  causes  sulphovinic  acid  and 
alcohol  to  interchange  the  groups  of  atoms  Cg  hg  and  h,  how  is  it  that 
a  mixture  of  these  two  compounds  does  not  contain  free  sulphuric 
acid,  or  smell  of  ether,  or  yield  a  stratum  of  ether  when  mixed  with 
water  ?  According  to  the  preceding  hypothesis,  we  might  also  expect 
that  a  mixture  of  the  alcoholic  solutions  of  chloride  of  ethyl  and 
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nitrate  of  silver  would  yield  a  precipitate  of  chloride  of  silver,  which  is 
known  not  to  be  the  case. 

I  think  I  may  confine  myself  to  these  few  objections  to  William- 
son's hypothesis  on  the  motion  of  the  atoms  in  chemical  compounds, 
stating  at  the  same  time  my  conviction  that  the  author  himself  will, 
after  fuller  consideration,  withdraw  it. 

With  regard  to  the  formation  of  ether  from  alcohol  and  chloride  of 
zinc,  Williamson  remarks  how  easily  it  is  explained  by  his  ether- 
theory.  Alcohol  and  chloride  of  zinc  form,  according  to  his  view,  the 
so-called  zinc-alcohol  and  hydrochloric  acid,  which  with  alcohol  again 
yields  chloride  of  ethyl  and  water,  whereupon  the  chloride  of  ethyl  and 
zinc-alcohol  act  on  one  another  in  such  a  manner  as  to  form  ether  and 
chloride  of  zinc.  Even  if  it  be  really  so, — a  point  by  no  means 
established, — the  successive  transformations  may  be  explained  just  as 
readily  by  the  old  ether-theory,  as  indeed  is  evident  from  comparison 
of  the  two  following  sets  of  equations  : — 


^2{;5|0   +   Zncl  =^2^5]    0   + 

h  3  zn    ) 


hcl 


^^JsjO  +  hcl  =C,h,.cl  +  [; 

C,h,.cl-f^A]0=^^E^;]0+zncl 


'2  "5 


C^HgO.HO  +  ZnCl       =  C^  H^O  .  Zu  0  +  H CI 
C^HgO.HO  +  HCl        rzrC^HgCl+aHO 
C4  H5  CI  +  C,  Hg  0  .  Zn  0  =  2  C,  H5  0  +  Zn  CI. 

Williamson  has  not  stated  whether  the  formation  of  ether  from 
alcohol  and  fluoride  of  silicium  can  be  explained  in  a  similar  manner 
by  the  above  hypothesis. 

Science  is  indebted  to  every  one  who  illustrates  a  series  of  pheno- 
mena from  a  new  point  of  view,  and  enriches  it  with  new  hypotheses  ; 
especially  when  these  hypotheses  admit  of  so  extensive  an  application 
as  that  proposed  by  Williamson.  For  even  the  less  tenable  hypo- 
theses confer  great  benefit  on  science,  through  the  opposite  exertions 
of  their  partizans  and  opponents.  But  science  has  likewise  a  right  to 
demand  that,  in  the  promulgation  of  new  ideas,  not  only  those  facts 
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shall  be  brought  forward  to  which  the  new  views  readily  adapt  them- 
selves, but  further,  that  the  points  with  which  they  are  less  accordant 
shall  be  distinctly  marked.  But  if  this  condition  can  be  imposed, 
when  an  author  brings  forward  an  hypothesis  without  pretending  that 
it  possesses  essential  advantages  over  that  which  has  been  previously 
accepted,  but  merely  places  it  side  by  side  with  the  other,  and  leaves 
the  relative  merits  of  the  two  to  be  decided  by  the  reader  or  by  subse- 
quent investigations,  much  more  is  such  caution  required  on  the  part 
of  one  who  states  his  views  with  the  certainty  and  pretensions  to 
infallibility,  which  many  modern  theorisers  (Gerhardt,  for  example) 
are  in  the  habit  of  assuming. 

Williamson  is  likewise  open  to  objection  in  this  respect.  I  have 
already  stated  that  he  has  omitted  to  notice  the  weak  points  of  his 
hypothesis,  and  to  meet  the  objections  which  may  be  raised  against  it. 
This  remark  applies  especially  to  this  acid-theory,  the  defects  of  which 
cannot  have  escaped  him,  or  at  all  events  would  not,  if  he  had  care- 
fully weighed  the  consequences  to  which  it  leads. 

According  to  Williamson^s  theory,  the  hydrated  acids  are  con- 
stituted similarly  to  water  and  the  alcohols.     Acetic  acid,  for  example, 

is  water, ,  |  0,  in  which  one  of  the  hydrogen  atoms  is  replaced  by  the 

oxygen-radical  Cg  \  0  (to  which  he  gives  the  name  of  othyl) : 

Hydrated  acetic  acid  ^^ \^]0 

Acetic  ether.     .     .     n^Jja^lQ 

Acetate  of  potash     .    ^ahsOjQ 

that  is  to  say,  in  other  words,  that  in  hydrated  acetic  acid,  the  members 
C2  hs  O  and  h,  in  acetic  ether  C^  hg  0  and  C^  hg,  and  in  acetate  of 
])otash  C2  hg  0  and  K,  occupy,  relatively  to  the  oxygen,  the  same 
position  as  the  two  simple  hydrogen-atoms  in  water.  Thence,  how- 
ever, it  would  necessarily  follow  that  hydrated  acetic  acid,  or  acetate  of 
potash,  should  be  decomposed  by  electrolysis  in  a  manner  similar  to 
the  analogously  constituted  compound,  water.  At  the  negative  pole, 
therefore,  at  which  water,  when  subjected  to  galvanic  decomposition, 
evolves  hydrogen  gas,  acetate  of  potash  when  similarly  treated  should 
yield  potassium  (i.  e.  oxide  of  potassium  and  hydrogen)  and  othyl,  or 
its  hydrogen- compound,  i.  e.  aldehyde.     Now  I  showed  some  time 
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ago,  that  in  this  decomposition,  not  the  slightest  trace  of  a  carbon- 
compound  appears  at  the  negative  pole, — nothing,  in  fact,  but  hy- 
drogen ;  while  at  the  positive  pole,  the  chief  products  obtained  are 
methyl-gas  and  carbonic  acid. 

That  Williamson  should  have  taken  no  notice  of  this  investiga- 
tion on  the  electrolysis  of  acetate  of  potash,  appears  especially  remark- 
able, when  we  consider  that  the  facts  therein  established  are  adapted, 
above  all  others,  to  serve  as  a  touchstone  of  any  new  hypothesis 
respecting  the  constitution  of  acetic  acid.  The  single  fact  that  neither 
othyl  nor  any  of  its  products  of  decomposition  is  set  free  at  the 
negative  pole  is,  in  my  opinion,  quite  sufficient  to  demonstrate  the 
inadmissibility  of  Williamson^s  acid-theory. 

The  formation  of  acetic  acid  from  cyanide  of  methyl,  described  by 
Frankland  and  myself,  together  with  the  reproduction  of  cyanide  of 
methyl  from  acetate  of  ammonia  by  simple  abstraction  of  water,  as 
observed  by  Dumas,  affords  the  strongest  confirmation  of  the  suppo- 
sition that  one-half  of  the  carbon-atoms  in  acetic  acid  exists  in  a  mode 
of  combination  different  from  that  of  the  other  half, — and  deserved, 
therefore,  to  be  taken  into  account  in  the  laying  down  of  any  hypo- 
thesis respecting  the  constitution  of  acetic  acid.  Williamson  appears 
to  attach  but  little  importance  to  these  facts,  inasmuch  as  he  com- 
pletely ignores  them;  whereas  they  must,  I  think,  if  carefully 
considered,  have  convinced  him  that  his  othyl  does  not  exist  in  the 
acetyl-compounds  in  the  form  which  he  assigns  to  it. 

On  the  facts  just  stated,  and  taking  into  account  all  the  chemical 
relations  of  acetic  acid  with  which  I  am  acquainted,  I  have  based  the 
hypothesis  that  the  acetyl-compounds  contain  the  so-called  conjugated 
radical  {C^  113)^02;  and,  although  Williamson*  regards  this  hypo- 
thesis as  too  complicated,  and  replete  with  unintelligible  symbols,  I 
am  unable  to  see,  in  the  many  highly  important  additions  which 
have  since  been  made  to  the  chemical  history  of  acetic  acid,  anything 
but  a  further  confirmation  of  my  views. 

At  the  time  when  this  hypothesis  was  proposed,  cacodyl  was  the 
only  known  radical  of  analogous  constitution  to  the  hypothetical 
acetyl  {C^  H3)'^C2  ;  but  we  have  since  become  acquainted,  not  only 
with  directly  prepared  compounds  of  various  metals  with  the  horao- 
logues  of  hydrogen,  but  also  with  compounds  of  selenium  and  tellurium 
with  ethyl,  forming^conjugated  radicals  of  like  nature.  Since,  then, 
we  are  justified  in  supposing  that  the  elements  in  general  possess  the 
power  of  uniting  with    organic   hydrocarbons    to   form  conjugated 

*  Phil.  Mag.  [4J,  vi.  205. 
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radicals,  why,  we  may  ask,  should  this  property  be  denied  to 
carbon  ? 

Since  Gerhardt  and  Chiozza^s  recent  and  highly  important 
researches  have  proved  the  correctness  of  Lie  big  and  Wohler^s 
original  bcnzoyl-theory,  and  it  can  therefore  scarcely  be  doubted  that 
an  oxygenised  radical  occurs  in  acetic  acid  and  other  acetyl-compounds, 
the  old  acetyl  (C2  H3)"^C2  naturally  presents  itself  as  the  ultimate, 
and  the  group  (C2  H3)^C2  O3  as  the  proximate  radical  of  these  com- 
pounds :  the  latter  may  be  called  acetoxyl. 

Although  I  am  far  from  regarding  my  hypothesis  as  infallible,  still 
I  cannot  avoid  giving  it  the  preference  above  all  others,  especially 
the  easily  refuted  theory  proposed  by  Williamson,  because  it  gives 
a  natural  and  satisfactory  explanation  of  all  the  known  phenomena 
to  w^hich  it  has  yet  been  applied,  and  at  the  same  time  is  not  at  all 
complicated,  as  Williamson  asserts  it  to  be.  I  am  quite  prepared 
to  abandon  it,  as  soon  as  Williamson  shall  have  shown  that  in  any 
one  of  its  consequences  it  is  as  untenable  as  his  own. 

Gerhardt,  who  has  adopted  Williamson's  hypothesis,  now  also 
regards  the  anhydrous  organic  acids  which  he  has  discovered,  as 
water  in  which  both  the  hydrogen-atoms  are  replaced  by  complex 
groups  of  atoms  containing  oxygen.     Thus,   anhydrous  acetic  acid 

=  f-^'^  ^^  r\\0  ',  benzo-acetic  acid  =  r?  x^^  f\\0    (a  formula  which 
C2h3  0i  CyhgO)         ^ 

is  equivalent  to  Ci.H^Og  .  C4H3O3  or  iC^^n.yC^O^  .  (C2H3)'^C2  03). 

If  we  disregard  the  arguments  which  may  be  deduced  from  the 
boiling  points  and  vapour-densities  of  these  and  similar  compounds  in 
favour  of  the  above  theory — arguments  which  cannot  be  regarded  as 
convincing  till  the  dependence  of  boiling  points  on  the  mode  of  combi- 
nation of  the  elements  of  compounds  shall  be  accurately  determined,  and 
some  proof  shall  be  given  that  all  organic  compounds  in  the  gaseous 
state  occupy  2  volumes  (at  present  a  mere  hypothesis  of  Gerhardt's) 
— we  shall  seek  in  vain,  in  the  writings  of  Williamson  and  Gerhardt, 
for  any  arguments  adapted  to  support  their  acid-theory.  They  seem, 
indeed,  to  regard  the  apparent  simplicity  with  which  their  theory 
unites  bodies  of  the  most  various  kinds  under  one  point  of  view,  as  a 
sufficient  proof  of  its  correctness,  and  appear,  for  this  reason,  to  have 
neglected  to  seek  for  other  arguments  in  its  favour. 

It  would  be  extremely  interesting  to  ascertain  whether  in  anhydrous 

acetic  acid — which,  according  to  Gerhardt,  is  p^    3      |  q — ^\^q  ^\^ 
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atoms  of  hydrogen  can  be  replaced,  one  by  one,  by  chlorine.  The 
existence  of  an  anhydrous  acetic  acid  in  which  1,  3,  or  5  atoms  of  hydro- 
gen are  replaced  by  chlorine,  would  at  least  show  that  an  atom  of  this 
compound  contains  6  atoms  of  hydrogen,  and  not  merely  3,  as  required 
by  the  formula  (C2^H3)^C2  O3.     A  similar  conclusion  might  be  drawn 

respecting  the  atomic  weight  of  ether,  ^,2    5 1 Q^  if  experiment  should 

demonstrate  the  existence  of  a  substitution-product  of  that  body  in 
which  1,  3,  5,  7,  or  9  atoms  of  hydrogen  were  replaced  by  chlorine  or 
any  other  element.  The  known  results  of  the  experiments  instituted 
by  Malaguti  and  Regnault  on  the  action  of  chlorine  upon  ether 
appear,  however,  to  be  unfavourable  to  this  idea. 

Still  more  important  would  it  be  to  ascertain  whether  anhydrous 
acetic  acid,  or  other  similar  bodies,  such  as  ethylate  of  potash,  are 
conductors  of  the  galvanic  current,  and,  if  so,  in  what  manner  they 
are  decomposed  by  it.     Since  anhydrous  acetic  acid  and  ethylate  of 

potash,    2     5  I  0^  are  supposed  to  be  constituted  similarly  to  water,  it 

is  reasonable  to  expect  that  when  they  are  electrolysed,  the  carbonated 
compounds  which  replace  the  hydrogen  of  the  water,  or,  at  all  events, 
certain  products  of  their  decomposition,  will  be  set  free  at  one  pole^ 
and  oxygen  at  the  other.* 

I  will  notice  one  more  confutation  of  Williamson's  acid-theory — 
that,  namely,  which  is  derived  from  the  constitution  of  the  salts 
containing  a  sesquioxide  as  their  base.  How,  for  instance,  can  the 
constitution  of  benzoate  of  sesquioxide  of  iron  be  reconciled  with  the 
assumption  that  all  the  salts  of  benzoic  acid  are  constituted  according 

to  the  general  formula :  7  5  |  0,  (m  =  1  at.  metal)  ?  Ger- 
hard t  has  foreseen  this  difficulty,  and  to  save  his  theory,  has  resorted 
to  the  hypothesis  that  many  metals — iron,  aluminum,  chromium, 
&c. — have  two  or  more  equivalents.  Ferrous  chloride,  fe  cl  (Fe  =  2  fe), 
has,  according  to  this  supposition,  a  constitution  similar  to  that  of 
ferric  chloride,  the  only  difference  being  that  the  latter  contains 
another  modification  of  iron,  fe  yS,  the  equivalent  of  which  is  only 
two-thirds  as  great  as  that  of  the  metal  contained  in  ferrous  chloride. 
The  similarity  of  qpmposition  of  the  ferrous  and  ferric  benzoates  wdll 
then  be  seen  from  the  following  formulae  : — 

*  Mr.  Guthrie  is  at  present  engaged  in  my  laboratory  with  the  investigation  of  this 
matter,  and  will  shortly  publish  his  results. 
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Ferrous  benzoate  .         .     '^  ^^      ]  0. 

Ferric  benzoate    .         .         .       '^^^q    j  0.* 

These  formulse  imply  that  iron,  after  being  dissolved  in  hydrochloric 
acid,  is,  by  the  mere  passage  of  chlorine  gas  into  the  solution,  induced  to 
assume  a  new  equivalent ;  or,  in  other  words,  is  converted  into  a  new 
metal  ?  and  that,  when  this  solution  is  subsequently  heated  with  iron, 
the  original  metal  is  reproduced  ? 

I  consider  it  superfluous  to  adduce  any  additional  facts  against  this 
hypothesis.  I  will,  however,  point  out  one  of  its  consequences,  which 
even  a  prejudiced  investigator  cannot  but  acknowledge  as  legitimate, 
viz.  that  if  alum — iron-alum,  for  example — is  really,  as  Gerhardt 
supposes, 

(k.fe/3=)SO„orJ]SO,+3;g]SO„ 

no  reason  can  be  assigned  against  the  possible  substitution  of  feyS  by 
fe  or  k.     A  double  salt,  composed  of  1  at.  sulphate  of  potash  and 

3  at.  ferrous  sulphate,  or  even  ,    |  SO^  +  S  i  |  SO^ — that   is   to   say, 

KO,  SO3  + 3 (K0,S03)— would  therefore  be  an  alum;  or,  in  other 
words,  there  would  exist  a  sulphate  of  potash  crystallising  in  octa- 
hedrons or  in  cubes, — that,  namely,  whose  molecule  contained  four 
atoms  of  KO.  SO3. 

I  am  under  the  necessity  of  adding  in  this  place  a  few  explanatory 
observations  on  the  tendency  of  the  inquiry  which  Wrightsont 
undertook,  at  my  instigation,  on  the  action  of  an  alcoholic  solution  of 
potash  upon  a  mixture  of  cyanide  of  ethyl  and  cyanide  of  amyl, 
inasmuch  as  William sonj  appears  to  have  misunderstood  it;  assert- 
ing, namely,  that  Wrightson  has  used  the  results  of  this  investi- 
gation as  arguments  against  the  othyl-theory.  Now  that  investigation 
was  by  no  means  intended  to  refute  Williamson's  theory;  for 
Wrightson,  when  he  commenced  his  experiments,  regarded  the 
inaccuracy  of  that  theory  as  completely  proved  by  the  facts  above 
adduced,  and  by  others  of  like  nature.  His  object  was  rather — as, 
in  fact,  he  distinctly   stated — to  settle  the  question  whether  water 

*  Some  passages  are  omitted  which  do  not  appear  relevant  to  Dr.  Kolbe's  argument, 
t  Phil.  Mag.  [4],  vi.  88.  %  Phil.  Mag.  [4],  vi.  204. 
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might  be  supposed  to  contain  two  elementary  atoms  of  hydrogen 
replaceable  by  analogous  radicals. 

From  his  point  of  view — he  regards  acetic  acid  as  the  oxide  of  the 
conjugated  radical  (C2H3)"~C2 — the  question  raised  by  Williamson, 
as  to  whether  water  contains  two  separately  replaceable  atoms  of 
hydrogen  united  with  1  atom  of  oxygen,  possessed  a  peculiar 
interest ;  since,  in  that  case,  acetyl  must  be  supposed  to  contain  two 
atoms  of  methyl,  viz.  2  C  h3,  one  of  which  might  be  replaced  by 
another  homologous  hydrocarbon.  Since  now,  on  this  supposition, 
the  formation  of  acetic  acid  from  cyanide  of  methyl  is  due  to 
the  reaction  of  2  atoms  of  the  latter,  viz.  of  2   (C  hg,  C  n),  with 

3  atoms  of  water,  3  i  f  0,  it  is  natural  to  suppose  that  a  mixture  of 

cyanide  of  methyl  and  another  analogous  cyanic  ether,  will  yield  an 
acetic  acid  in  which  one  of  the  atoms  of  methyl  is  replaced  by  another 
hydrocarbon.  Had  the  experiments  instituted  by  Wright  son  for 
the  decision  of  this  question  led  to  a  favourable  result,  an  available 
argument  would  thereby  have  been  gained  for  the  correctness  of 
Williamson's  theory  of  the  constitution  of  water  and  of  the  alcohols 
(but  not  of  his  acid-theory).  The  contrary  result  to  which  those 
experiments  have  led  is,  in  the  same  degree,  calculated  to  weaken  our 
confidence  in  that  hypothesis. 
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XIV. — On  Dr.  Kolbe's  Additive  Formula, 
By  Alexander  Williamson,  Ph.D. 

Some  time  has  now  elapsed  since  a  paper  was  published  in  the 
Philosophical  Magazine  under  the  title  "  On  the  Atomic  Weight  and 
Constitution  of  the  Alcohols/'  by  F.  Wrightson,  Ph.D. 

The  author  obtained  a  mixture  of  propylic  and  caproic  acids  by  the 
action  of  alcoholic  potash  on  a  mixture  of  cyanide  of  ethyl  and  cyanide 
of  amyl, — a  result  by  no  means  surprising,  as  those  acids  are  well 
known  to  be  the  products  of  the  decomposition  of  the  respective 
cyanides.  It  appears,  however,  that  Dr.  Kolbe  conceived  the  possi- 
bility of  a  new  intermediate  acid  being  formed  in  this  process ;  that 
he  thought  it  must  be  formed,  if  certain  views  which  I  hold  of  the 
constitution  of  water  are  correct ;  and  the  negative  result  of  the 
experiments  was  accordingly  cited  as  an  argument  against  those  views. 
Unfortunately  for  the  author,  but  more  especially  for  the  suggestor  of 
those  experiments,  the  conception  was  completely  erroneous ;  and  had 
Dr.  Kolbe  taken  the  trouble  to  become  acquainted  with  the  recent  theory 
of  the  constitution  of  those  acids,  he  would  have  seen  that  the  imagi- 
nary new  compound  is  as  inconceivable  according  to  that,  as  it  is 
according  to  his  own  theory.  The  author  of  the  paper  seems  to  have 
worked  under  the  direction  of  Dr.  Kolbe,  and  I  had  occasion  to 
explain  to  him  the  nature  of  his  mistake  while  the  paper  was  yet 
unpublished  in  this  country.  On  its  subsequent  publication,  I  was 
induced,  by  my  respect  for  the  important  services  of  Dr.  Kolbe, 
from  whom  it  really  emanated,  to  publish  a  few  words  in  explanation 
of  the  misconception  which  pervades  the  paper;  showing  that  the 
result  imagined  by  Dr.  Kolbe  was  by  no  means  a  consequence  of  the 
theory  to  which  he  attributed  it,  as  it  is  even  less  possible  according  to 
that,  than  according  to  any  other  theory. 

Instead  of  frankly  acknowledging  his  error.  Dr.  Kolbe  now 
attempts  to  justify  it  by  writing  the  above  paper,*  professedly  dis- 
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cussing  my  views.  It  thus  becomes  incumbent  on  me  to  offer 
a  few  further  remarks  on  the  subject ;  and  in  analysing  his  argu- 
ments I  shall  unavoidably  be  led  to  explain,  more  particularly 
than  I  had  wished  to  do,  the  characteristic  defects  and  errors  of 
Dr.  Kolbe^s  theoretical  notions  to  which  his  original  misconcep- 
tion was  owing.  As  the  discussion  is  of  Dr.  Kolbe^s  own  seek- 
ing, he  will  of  course  not  be  offended  at  my  freedom  in  criticising 
his  views. 

Dr.  Kolbe  says  that  the  experiments  on  the  action  of  alcoholic 
potash  on  the  cyanides  of  ethyl  and  amyl  were  not  intended  to  test  the 
correctness  of  the  othyl-theory,  as  he  considered  that  theory  sufficiently 
disproved  before  the  experiments  were  begun.  All  he  expected  from 
these  experiments  was  a  test  of  the  correctness  of  the  view  which 
represents  the  hydrogen  in  water  as  divisible.  If  I  understand  his 
argument  correctly,  it  is  as  follows  :  The  compound  (€3  H3)"^C2 
(acetyl)  must  contain  two  atoms  of  methyl,  if  water  contains  two  atoms 
of  hydrogen,  and  accordingly  one  of  the  two  might  be  replaced  by  an 
atom  of  its  homologue,  ethyl  or  amyl,  &c.  Now,  in  reasoning  thus 
Dr.  Kolbe  forgets,  singularly  enough,  that  his  premises  have  no 
acknowledged  connexion  with  the  question  at  issue,  and  are  entirely 
of  his  own  invention.  For  the  radical  (C2  113)^ Cg  only  exists  in  the 
imagination  of  Dr.  Kolbe;  and  chemists  were  never  before  informed 
that  it  possesses  a  constitution  analogous  to  that  of  water,  to  such 
an  extent  that,  if  its  methyl  cannot  be  halved,  the  hydrogen  of  water 
must  be  likewise  indivisible.  The  theory  which  Dr.  K ol b e  professes  to 
controvert  never  acknowledged  the  existence  of  this  radical  containing 
methyl  and  carbon,  but  explained  the  constitution  of  the  acetic  acid 
series  in  a  totally  different  manner ;  and  it  cannot  reasonably  be 
blamed  for  the  inaccurate  conclusions  to  which  the  interpolation  of 
this  notion  may  have  led  the  learned  professor  and  his  pupil.  I  am 
so  convinced  of  Dr.  Kolbe's  good  faith  and  sincerity  in  this  pecuhar 
argument,  that  I  must  attribute  to  an  entire  misconception  of  the 
matter  on  his  part,  the  circumstance  of  his  thus  laboriously  proving, 
as  subversive  of  my  views,  a  fact  which  necessarily  follows  from 
them. 

But  Dr.  Kolbe  has  not  only  mistaken  the  general  position  of  the 
question, — he  is  equally  inaccurate  in  his  descriptions  of  the  individual 
reactions  upon  whi^h  it  turns.  He  states  that  cyanide  of  methyl  is 
decomposed  by  three  atoms  of  water ;  thus  implying  that  anhydrous 
acetic  acid  is  formed  in  a  decomposition  which  everybody  knows  is 
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brought  about  by  the  action  of  hydrate  of  potash,  and  in  which 
the  alkali  is  transformed  into  the  acetate,  their  action  being  empi- 
rically 

CH3CN+^302  =  C2H3K02  -fNHg. 

Of  course  Dr.  Kolbe  did  not  mean  to  deny  the  well-known  fact 
that  hydrate  of  potash  is  the  active  agent  in  this  reaction ;  but  his 
habits  of  reasoning  on  chemical  reactions  are  so  peculiar  that  he 
really  thought  he  had  described  the  process  fairly,  in  obtaining  an 
uneven  number  of  atoms  by  the  omission  of  the  potash,  and  thus 
making  it  appear  that  the  formulae  could  not  be  halved,  as  they  ought 
to  be  according  to  the  view  which  he  controverts. 

Throughout  the  whole  of  his  paper,  Dr.  Kolbe  shows  himself 
singularly  unacquainted  with  the  views  which  he  endeavours  to  contro- 
vert, and  one  is  really  inclined  to  doubt  whether  he  ever  honoured  them 
with  any  serious  consideration  before  sitting  down  to  write  his  paper. 
It  is  difficult,  without  such  a  supposition,  to  account  for  the  fact  that 
in  some  of  the  most  important  points,  the  author  adopts  the  new 
theories,  and,  in  fact,  suggests  their  principles  as  the  most  natural 
explanation  of  phenomena.  Indeed,  Dr.  Kolbe' s  paper  affords  one 
of  the  most  valuable  confirmations  of  the  new  notions  of  chemistry 
yet  presented  to  the  public ;  for  whilst  professing  to  deny  them,  he 
unconsciously  and  unintentionally  adopts  their  leading  principles, 
and  suggests,  in  his  own  language,  the  very  notions  he  intended 
to  disprove.  In  the  following  analysis  of  his  paper,  we  shall  have 
occasion  to  refer  to  those  peculiarities  of  chemical  language  and 
notation  which  still  constitute  an  important  difference  between 
Dr.  Kolbe  and  ourselves,  and  which  prevent  his  stating  chemical 
reactions  in  their  simplest  and  least  hypothetical  form,  or  under- 
standing them  when  so  described  by  others. 

The  first  part  of  his  paper  is  mainly  occupied  with  a  discussion  of 
the  theory  of  etherification,  which  was  suggested  some  years  ago  by  a 
series  of  experiments  I  performed  on  the  subject.  Dr.  Kolbe  com- 
plains of  my  rejecting  too  lightly  "  the  old  theory'^  which  he  considers 
was  one  of  the  main  pillars  of  organic  chemistry.  Now  every  chemist 
knows  that  at  the  time  my  experiments  on  the  subject  were  published, 
two  different  theories  of  etherification  had  been  proposed  by  eminent 
chemists,  and  each  of  them  was  found  insufficient  for  the  explanation 
of  the  process.     I  am  not  aware  of  having  pretended,  by  my  experi- 
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ments  on  the  subject,  to  refute  either  of  the  old  theories  of  etherilication, 
for  they  were  refuted  by  facts  known  to  every  chemist  before  ever 
I  worked  on  the  subject.  As  this  is  a  point  of  some  importance, 
I  must  beg  leave  to  be  quite  explicit,  and  to  explain  in  a  few  words  what 
I  conceive  to  have  been  the  position  of  the  question.  The  two  theories 
of  etherification  were  generally  described  by  their  leading  principles  as 
the  contact-theory  and  the  chemical  theory.  The  latter  of  these 
attributed  the  formation  of  ether  to  the  action  of  heat  on  sulphovinic 
acid;  the  former  invented  the  name  Contact-force,  or  Catalysis,  and 
said  that  the  sulphuric  acid  acted  by  this  force,  and  not  by  its  usual 
combining  force. 

Now,  by  thus  merely  inventing  a  name  for  the  cause  of  an  anomalous 
decomposition,  the  contact-theory  did  not  in  any  degree  advance  our 
knowledge  of  its  nature,  although  some  persons  have  imagined  that 
the  difficulty  was  solved  by  the  invention  of  this  name.  The  chemical 
theory  was  assuredly  the  first  real  step  towards  explaining  the 
process ;  but  it  assumed  for  this  purpose  facts  which  were  not  confirmed 
by  subsequent  experiments.  In  this  first  reference  to  the  subject. 
Dr.  Kolbe  does  not  inform  us  which  of  the  two  older  theories  he 
intends  to  designate  as  the  theory  of  etherification.  If  he  considers 
that  the  formation  of  ether  and  water  from  alcohol  is  explained  by 
attributing  it  to  a  contact-action  of  sulphuric  acid,  he  must  be  easily 
satisfied,  for  any  other  conceivable  arrangement  of  the  elements 
would  be  just  as  much  explained  by  such  a  statement.  If  he  con- 
siders the  chemical  theory  ^'  a  main  pillar  of  organic  chemistry,^' 
it  would  be  desirable  to  inform  us  in  what  he  conceives  it  to  rest,  as 
the  supposed  fact  which  constituted  its  original  foundation  is  known 
not  to  exist. 

Few  experiments  are  probably  so  conclusive  as  to  the  constitution 
of  bodies,  as  directly  synthetical  ones  ;  and  Dr.  Kolbe  justly  remarks, 
that  by  reasoning  consistently  on  such  a  basis  one  would  be  led  to 
many  remarkable  conclusions.  Thus,  when  selenious  acid  is  treated 
with  sulphuretted  hydrogen,  a  selenide  of  sulphur  is  formed  : — 

Se02  +  2SH  =  SeS2+  2  H  0. 

In  like  manner  (he  says)  we  should  be  obliged  to  consider  the 
sulphur  precipitated  by  the  action  of  sulphuretted  hydrogen  on 
sulphurous  acid,  as  a  compound  of  sulphur  from  the  two  sources  : 

S02  +  2SH  =  SS2  +  2HO; 
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and  he  very  correctly  observes,  that  such  conclusions  as  this  would 
constitute  a  necessary  application  of  the  method  of  reasoning  adopted 
n  my  argument  on  the  formation  of  the  compound  of  oxide  of  methyl 
with  oxide  of  ethyl,  by  the  action  of  iodide  of  methyl  on  ethylate  of 
potash.  Although  it  is  interesting  to  find  that  Dr.  Kolbe  perceives 
the  necessity  of  this  general  use  of  the  method  of  double  decompositions, 
if  it  be  introduced  into  our  reasonings  at  all,  one  is  rather  surprised  to 
find  that  he  is  so  little  acquainted  with  the  views  which  he  professes 
to  criticise,  as  to  suggest  as  an  idea  of  his  own  the  very  conclusion 
for  which  we  contend.  Thus  he  goes  on  to  say,  that  the  intermediate 
ether  might  reasonably  be  considered  as  a  compound  of  oxide  of  ethyl 
with  oxide  of  methyl, — a  notion  to  which  he  conceives  I  should  not  be 
disposed  to  accede.  "  J  presume,  indeed,  that  Williamson  regards  the 
oxides  of  ethyl  and  methyl  as  altogether  incapable  of  uniting  into  a 
stable  compound,  on  account  of  the  great  similarity  of  their  chemical 
properties.  This  prejudice  may,  however,  readily  be  removed  by 
consideration  of  analogies  from  inorganic  chemistry.  Nobody  ever 
made  any  difficulty  about  admitting  the  existence  of  chemical  com- 
pounds of  selenium  and  sulphur,  83  Se,  or  of  chlorine  and  iodine, 
I  CI2, 1  CI3,  which  are,  however,  quite  as  closely  allied  to  one  another 
as  the  oxides  of  ethyl  and  methyl.  Why  then  should  the  existence  of 
the  compound  C4  H5  O  .  Cg  H3  0  be  less  admissible  ?" 

Had  Dr.  Kolbe  taken  the  trouble  of  understanding  my  views 
before  he  sat  down  to  write  a  criticism  upon  them,  he  would  hardly 
thus  have  brought  forward,  as  a  new  idea  suggested  by  his  own 
reflections,  the  very  conclusion  which  I  had  taken  much  pains  in 
establishing.  He  alters  the  atomic  weight  of  oxygen  and  carbon  in 
my  formula,  and  instead  of  representing  it  as  containing  3  atoms  of 
carbon  of  atomic  weight  12,  he  states  that  it  contains  twice  as  many 
atoms  of  half  the  weight : — in  like  manner,  he  substitutes  2  atoms  of 
oxygen  each  weighing  8  for  one  atom  weighing  16.  The  reasonings 
by  which  he  tries  to  convince  us  that  oxide  of  ethyl  may  combine  with 
oxide  of  methyl  are  excellent,  but  perhaps  almost  superfluous  after  I 
have  proved  that  they  do  combine. 

The  formation  of  this  compound  of  the  two  ethers,  I  had  explained 
as  a  process  of  substitution  of  methyl  for  the  hydrogen  of  alcohol 
through  the  intermediate  action  of  potassium  : — 

Now  as  Dr.  Kolbe  admits  that  this  compound  is  formed,  and  main- 
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tains  that  if  analogous  bodies,  such  as  sulphur  and  selenium  combine, 
the  same  must  be  conceived  to  occur  in  similar  cases  between  identical 
bodies  like  sulphur  and  sulphur,  he  cannot  without  inconsistency  deny, 
that  when  iodide  of  ethyl  acts  on  ether-potash,  the  product  is  a  com- 
pound containing  both  atoms  of  ethyl,  or,  in  his  language,  a  compound 
of  ether  and  ether ; 

If  an  atom  of  alcohol  is  represented  by  the  formula  C4  Hg  O2,  then 
an  atom  of  free  ether  must  have  the  formula  Cg  Hjq  O2  containing  the 
elements  of  two  atoms  of  combined  ether;  and  Dr.  Kolbe  will  find  by 
reference  to  my  papers  on  the  subject,  that  I  distinctly  stated  from 
the  first,  that  the  relative  atomic  weights  of  alcohol  and  ether  may  be 
expressed  either  by  halving  the  old  formula  for  alcohol  (C4  Hg  Og),  or  by 
doubling  the  old  formula  for  ether  (C^  Hg  0). 

Vino-methylic  ether  is  a  compound  of  oxide  of  ethyl  and  oxide  of 
methyl,  just  in  the  same  sense  as  alcohol  is  a  compound  of  oxide  of 
ethyl  and  water,  and  as  common  ether  is  a  compound  of  oxide  of  ethyl 
and  oxide  of  ethyl.  Or  take  the  case  of  amylic  alcohol  and  the  series  of 
ethers  obtainable  by  the  replacement  of  its  hydrogen  by  the  radicals 
methyl,  ethyl,  propyl,  butyl,  and  finally  amyl : 

H     ^2.       c,  H3   ^'^^       C4   H5   ^2>       Ce   Hy    ^^2. 

These  ethers  may  all  be  formed  by  the  action  of  the  iodides  of 

V     H 

methyl,  ethyl,  and  amyl,  on     ^^t^^^  Oq,   the  amylate  of  potash;  and 

Dr.  Kolbe' s  own  arguments  are  quite  sufiicient  to  show  that  the  last 
term  of  the  series  must  be  represented  by  a  formula  analogous  to 
those  of  the  previous  ones.  That  analogy  is  all  I  contended  for. 
The  alcohol  itself  may  be  obtained  by  the  action  of  hydriodic  acid  on 
the  amylate  of  potash,  just  in  the  same  manner  as  the  ethers  by  their 
respective  iodides ;  and  Dr.  Kolbe  admits  that  the  alcohol  has  the  above 
atomic  value,  corresponding  to  those  of  the  intermediate  ethers. 
Now  let  us  compare  the  formulae  of  the  potash-compounds  with  water, 
oxide  of  methyl, oxide  of  ethyl, &c.,  i.e.  the  hydrate, methylate,ethylate. 
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&c.,  of  that  base.     Everybody  admits  empirically  that  they  are  repre- 
sented in  their  relative  atomic  weights  by  the  formulae 


HrV  C2  Hgp.  C4  H5Q 


2f 


and  when  they  are  acted  upon  by  hydriodic  acid,  everybody  admits 
that  in  the  higher  terms  of  the  series,  a  simple  replacement  of  the 
potassium  by  hydrogen  takes  place,  with  production  of  the  respective 
alcohols.  But  if  so,  they  cannot  deny  that  the  process  is  analogous 
in  the  first  term  of  the  series ;  that  when  hydrate  of  potash  is  acted 
upon  by  hydriodic  acid,  the  potassium  is  replaced  by  hydrogen,  as  in 

TT 

the  other  case,  with  production  of  the  compound  TjOa  : 

that  is,  if  they  employ  the  usual  formula  for  alcohol,  they  must  of 
necessity  double  that  of  water,  and  in  like  manner  those  of  other  simple 
oxides.  In  short,  it  is  found  that  the  oxygen  in  such  compounds 
as  hydrate  of  potash,  hydrated  oxide  of  ethyl,  &c.,  is  not  divisible, — 
that  it  is  an  atom ;  and  for  that  reason,  we  double  the  atomic  weight 
of  oxygen,  in  order  to  avoid  formulae  such  as  the  above,  which  imply 
that  the  oxygen  consists  of  two  atoms,  and  we  write  them, 

In  like  manner,  the  atomic  weights  of  carbon,  sulphur,  and  some  other 
non-metallic  elements,  are  doubled ;  or  the  same  relation  of  atomic 
weights  may  be  attained,  as  is  more  usual,  by  halving  the  atomic 
weights  of  hydrogen  and  the  metals. 

It  will  easily  be  perceived  from  these  considerations,  that  the  real 
question  at  issue  between  Dr.  Kolbe  and  ourselves  has  been  over- 
looked by  him  in  the  paper  I  am  discussing ;  for,  in  accordance  with 
the  older  habits  of  reasoning  upon  chemical  reactions,  he  represents 
chemical  combination  as  consisting  simply  in  an  addition  of  atoms ; 
and  his  formulae  for  the  representation  of  processes  of  chemical 
combination  are  essentially  additive,  although  numerous  reactions 
in  the  best-known  processes  are  so  clearly  proved  to  consist  of  double 
decompositions,  that  he  is  obliged  to  make  a  partial  use  of  corresponding 
formulae;  whereas  we  show  that  a  great  number  of  his  supposed  pro- 

*  O  =  8,  O  =  16 ;  C  =  6,  -e  =.  12 ;  S  =  16,  «  =  32,  &c. 
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cesses  of  mere  combination  or  mere  separation,  really  consist  of  double 
decompositions,  and  believe  that  all  processes  of  chemical  action  will 
similarly  be  reducible  to  that  method  when  the  steps  of  which  they 
consist  are  accurately  known.  Laurent  showed  some  years  ago,* 
that  so-called  free  chlorine  ought  to  be  considered  as  a  compound  of 
two  elementary  atoms  of  that  element,  and  the  same  of  hydrogen  ;  so 
that  when  2  vols,  chlorine  combine  with  2  vols,  hydrogen,  the  4  vols, 
of  hydrochloric  acid  are  to  be  considered  as  2  atoms  of  that  compound, 
formed  by  double  decomposition  between  the  elementary  gases. 
I  would  particularly  recommend  the  papers  of  that  eminent  chemist  to 
Dr.  Kolbe^s  perusal,  as  they  would  probably  save  him  many  sur- 
prises to  which  he  would  otherwise  be  exposed.  The  same  applies  to 
M.  Gerhardt^s  theoretical  papers,  and  to  some  papers  by  Mr. 
Br o die  on  the  same  subject,  with  which  Dr.  Kolbe  can  hardly  be 
acquainted. 

Dr.  Kolbe  disclaims  any  intention  of  refuting  my  results  on  the 
constitution  of  alcohol  and  ether,  although  he  does  not  consider  them 
proved.  The  formation  of  amylovinic  ether  by  the  action  of  sul- 
phuric acid  on  a  mixture  of  amylic  and  vinic  alcohols,  may,  he  says, 
be  as  well  explained  by  the  old  theory.  It  is  a  pity  the  author  did  not 
attempt  to  show  how  this  might  be  done,  as  he  would  probably  thus 
have  been  led  to  suggest,  as  an  original  idea,  the  explanation  I  have 
given  of  the  process ;  for  he  goes  on  to  show  how  my  equation  for  the 
formation  of  vinic  ether  by  the  action  of  sulphovinic  acid  on  alcohol 
may  be  rendered  by  the  old  theory.     He  thus  translates  my  equation : 

C4H5O .  SO3  +  HO  .  SO3  +  C4H5O  .  HO  =  2(C4H50)  +  2(H0  .  SO3) . 

Now  the  equation  thus  written  is  incorrect  according  to  any  theory 
whatever.  No  theory  ever  justified  the  use  of  the  sign  of  addition  in 
two  perfectly  different  senses  in  one  equation ;  and  when  this  fault  is 
corrected,  the  equation  does  not  belong  to  any  theory  which  existed 
previous  to  my  experiments ;  for  it  attributes  the  reaction  to  a  change 
of  place  between  ethyl  in  sulphovinic  acid  and  hydrogen  in  alcohol, 
— the  very  point  which  I  proved  in  contradiction  to  the  previous  views. 
But  in  his  next  sentence  Dr.  Kolbe  unfortunately  gives  proof  of  not 
understanding  the  meaning  of  the  equation,  for  he  says  :  "  Whatever 
hypothesis  we  adopt  respecting  the  formation  of  ether  by  sulphuric 
acid — unless  we  regard  contact-action  as  the  cause — it  will  always 
remain  inexplicable  ^ow  sulphovinic  acid  can  be  reproduced  at  the  same 

*  Ann.  Ch.  Phys.  [3]  xviii.  295. 
VOL.  VII. NO.  XXVI.  K 
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temperature  at  which  this  same  snlphovinic  acid  resolves  itsel 
(zersetzt  sich)  into  ether  and  sulphuric  acid/^  In  one  sentence, 
the  author  asserts  that  the  formation  of  ether  by  double  decom- 
position between  sulphovinic  acid  and  alcohol  is  consistent  with  the 
old  theory ;  in  the  next,  he  refers  to  the  formation  of  ether  by  the 
action  of  heat  on  salphovinic  acid,  as  2ifact  to  be  explained  by  con- 
tact-force. 

The  author  then  enters  on  the  consideration  of  the  theory  of  atomic 
motion,  as  illustrated  by  the  spontaneous  interchanges  of  hydrogen 
and  ethyl,  first  in  one  direction,  then  in  the  other.  It  is  not  to  be 
expected  that  Dr.  Kolbe  would  admit  this  generalisation,  since  he 
does  not  admit  the  fact  of  etherification,  of  which  it  is  a  general 
expression ;  I  must,  therefore,  beg  to  be  excused  from  entering  into 
any  explanation  of  my  views  on  the  subject.  Dr.  Kolbe  endeavours 
to  apply  and  illustrate  the  principle  of  atomic  interchanges,  which  he 
seems  to  conceive  must  take  place  much  more  easily  between  particles 
which  are  far  apart,  as  in  a  gas,  than  between  those  which  are  com- 
paratively near  together,  as  in  a  liquid.  And  again  he  asks  :  What 
can  be  the  difference  between  a  mixture  of  chlorine  and  hydrogen, 
and  the  compound  of  those  elements,  if  in  the  compound  the  atoms  of 
hydrogen  are  constantly  exchanging  their  combined  atoms  of  chlorine  ? 
The  answer  is  simply,  that  in  the  mixtui^e  of  the  two  gases  the  atoms 
of  hydrogen  are  not  combined  with  chlorine-atoms,  and  cannot  there- 
fore exchange  them.  Again,  he  inquires  how  it  is  that  a  mixture  of 
sulphovinic  acid  and  alcohol  does  not  contain  sulphuric  acid,  which  it 
ought  to  do  if  ethyl  and  hydrogen  were  changing  places.  Anybody 
could  inform  him  that  the  fact  he  states  is  incorrect,  for  the  mixture 
of  sulphovinic  acid  and  alcohol  does  contain  some  sulphuric  acid 
and  ether;  and  we  are  the  more  surprised  at  Dr.  Kolbe's  forgetting 
this  circumstance,  from  his  having  affirmed,  at  an  earlier  part  of  his 
paper,  that  the  reproduction  of  sulphuric  acid  from  sulphovinic  acid 
is  a  part  of  the  (contact-)  theory  of  the  process  of  etherification. 
He  says  that  chloride  of  ethyl  ought,  according  to  our  theory,  to 
precipitate  alcoholic  nitrate  of  silver,  and  would  probably  find  the 
reaction  occur,  though  slowly,  for  it  is  well  known  to  take  place  with 
the  iodide  of  ethyl . 

In  pursuing  our  analysis  of  his  paper,  we  must  now  return  with 
Dr.  Kolbe  to  the  subject  of  etherification.  In  illustration  of  the 
facility  with  which  the  principle  of  double  decomposition  explains  the 
formation  of  ether,  I  described,  in  a  German  translation  of  one  of  my 
papers  on  the  subject,  the  reaction  of  chloride  of  zinc  upon  alcohol. 
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showing  that  its  action  might  be  explained  by  a  series  of  double 
decompositions,  perfectly  analogous  to  those  I  had  proved  to  occur  in 
other  instances. 

The  author  says  that  the  former  ether-theory  gives  as  simple  an 
interpretation  of  the  reaction,  and,  in  evidence  of  this,  proceeds  to 
write  under  my  equations  others  which  agree  with  them  in  attributing 
the  result  to  the  formation  of  chloride  of  ethyl  and  zinc-alcohol,  and 
to  a  double  decomposition  between  these  compounds,  but  differ  from 
them  by  the  introduction  of  certain  inconsistencies  which  cannot  be 
seriously  maintained,  even  by  Dr.  Kolbe.  The  first  equation  is  a 
literal  transcript  of  mine,  halving  the  atomic  weights  which  I  had 
employed  for  carbon  and  oxygen,  and  accordingly  taking  twice  as 
many  atoms  of  these  elements.  It  states  that  when  chloride  of  zinc 
reacts  on  alcohol,  an  exchange  of  hydrogen  and  zinc  may  occur,  forming 
hydrochloric  acid  and  one  atom  of  zinc-alcohol  (a  compound  of  ether 
with  oxide  of  zinc) .  The  second  equation  shows  that  by  the  action  of 
hydrochloric  acid  on  alcohol,  an  exchange  of  hydi'ogen  and  ethyl  takes 
place,  forming  chloride  of  ethyl  and  two  atoms  of  water.  In  these 
reactions,  zinc,  hydrogen,  and  ethyl  are  admitted  to  be  analogous 
bodies,  to  the  extent  of  being  able  to  replace  one  another.  The  first 
equation  acknowledges  the  replacement  of  one  of  the  three  in  alcohol 
by  another,  without  disturbing  the  arrangement  of  the  other  elements 
of  the  alcohol.  The  second  equation  asserts,  that  when  one  of  the 
three  is  replaced  by  another,  the  remaining  elements  of  the  alcohol 
divide.  Both  are  perfectly  analogous  cases  of  interchange  of  basic 
constituents  between  alcohol  and  a  chloride ;  yet  in  the  second  our 
author  imagines  a  splitting  up  of  the  atom  of  oxide  produced  into  two 
atoms,  whereas  in  the  first  he  acknowledges  that  they  remain  com- 
bined. The  third  equation  contains  an  error  similar  to  that  of  the 
second ;  for  he  there  misstates  the  atomic  weight  of  ether,  just  as  in 
the  second  that  of  water  was  stated  incorrectly.  In  fact,  the  equations 
are  an  erroneous  version  of  my  own  theory,  and  have  no  connection 
(unless  in  Dr.  Kolbe^s  imagination)   with  any  other. 

After  disposing  of  the  theory  of  etherification,  on  which  his  remarks 
seem  prefatory  to  the  main  subject  of  his  paper.  Dr.  Kolbe  at  length 
introduces  the  question  of  the  constitution  of  acetic  acid  and  its 
homologues. 

His  first  argument  against  the  othyl-theory  consists  in  showing  that 
a  consequence  which  he  deduces  from  it  is  disproved  by  experiment. 
Condensed  into  a  few  words,  the  reasoning  runs  thus  : — Acetic  acid  is 
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s  dd  to  be  water  in  which  half  the  hydrogen  is  replaced  by  othyl.  If 
this  is  true,  othyl  ought  to  go  to  the  same  pole  as  hydrogen  when  the 
compound  is  broken  up  by  electrolysis.  But  experiment  proves  the 
contrary.  Now  in  attributing  such  a  function  to  the  radical  othyl, 
the  author  misrepresents  the  theory  he  professes  to  test.  He  ought 
to  have  known  that  I  never  attributed  to  that  radical  the  same  func- 
tions as  those  which  belong  to  hydrogen ;  but  that  the  opposition 
of  functions  which  the  two  bodies  are  known  to  possess  is  attributed 
to  their  difference  of  properties  rather  than  to  any  difference  of  position. 
Dr.  Kolbe  can  hardly  have  imagined  that  I  considered  the  pro- 
perties and  functions  of  acetic  acid  the  same  as  those  of  water,  or  the 
same  as  those  of  hydrate  of  potash,  which  belong  to  the  general  type. 
However,  in  case  he  may  have  formed  so  peculiar  an  opinion,  it  may 
be  as  well  to  inform  him,  that  when  a  chlorous  radical  replaces  hydrogen 
in  water,  it  is  not  converted  into  hydrogen,  and  does  not  assume  its 
functions,  but  gives  rise  to  a  compound  of  more  acid  properties  ;  when 
a  basylous  radical  replaces  hydrogen  in  water,  the  compound  formed 
is  no  longer  water,  but  a  stronger  base;  and  that  when  half  the 
hydrogen  in  w^ater  is  replaced  by  a  chlorous  radical,  the  other  half 
by  a  basylous  one,  the  compound  is  a  salt,  which,  on  decomposition 
by  the  current,  really  sends  its  chlorous  constituent  in  an  opposite 
direction  from  its  basylous  component,  though  both  were  contained  in 
the  place  of  hydrogen. 

Dr.  Kolbe  says  that  the  argument  just  analysed  is  sufficient  to 
disprove  my  acid-theory;  and  in  the  belief  of  having  succeeded  in 
that  much- desired  object,  he  proceeds  to  explain  his  own  previously 
published  experiments  and  views  on  the  subject.  He  appears  to  be 
rather  hurt  at  the  comparatively  small  amount  of  notice  those  views 
have  obtained  of  late  years,  and  charges  me  with  having  specially 
ignored  them.  It  is  perfectly  true  that  in  publishing  my  views 
on  the  constitution  of  the  organic  acids,  I  made  no  mention  of 
Dr.  Kolbe's  theories  on  the  subject;  and  I  must  confess  it  is  with 
regret  that  I  now  find  myself  compelled  by  his  challenge  to  abandon 
that  reserve.  For  I  hoped  that  he  would  spontaneously  abandon 
formulae  which,  both  as  regards  substance  and  form,  are  perfectly 
inadmissible,  and  which  greatly  perplex  a  subject  by  no  means  intri- 
cate or  difficult  in  itself.  The  chief  peculiarity  of  Dr.  Kolbe^s 
method  of  representing  chemical  compounds,  consists  in  the  very 
frequent  use  he  makes  of  undefined  symbols;  indeed,  there  is  hardly 
any  other  chemist  who  does  this  in  the  same  degree  as  himself. 
Take,  for  instance,  his  formula  for  acetic  acid — 
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The  elements  (C2  Hg)  are  supposed  to  be  combined  in  the  form  of 
methyl,  and  are  accordingly  shut  off  by  a  parenthesis  from  the  re- 
maining elements  of  the  compound ;  C2  are  united  with  them  by  a 
symbol  which  Dns- Kolbe  has  invented  for  the  purpose,  and  which 
M.  Gerhardt  calls  a  buckle;  O3  are  supposed  to  be  united  wdth  the 
methyl  and  carbon  in  some  manner  different  from  either  of  the  pre- 
ceding, and  a  new  sign  (comma)  is  accordingly  used ;  H  and  0  are 
united  together  in  a  manner  different  from  either  of  the  above- 
mentioned,  and  simple  juxtaposition  is  the  sign  for  this  fourth  mode 
of  combination ;  lastly,  the  water  (ready  formed)  is  joined  on  to  the 
elements  of  the  anhydrous  acetic  acid  by  the  fifth  sign  (full  stop) .  Now 
if  these  or  any  other  differences  of  combination  were  really  known  to 
exist  among  the  elements  of  acetic  acid,  it  might  be  a  question 
whether  it  would  not  be  more  useful  to  describe  them  in  words  of 
known  meaning,  rather  than  to  invent  arbitrary  and  undefined  signs 
for  them.  But  not  one  of  them  can  be  shown  to  have  any  existence, 
so  that  the  formula  of  one  of  the  simplest  of  organic  bodies  is  con- 
fused by  the  introduction  of  unexplained  symbols  for  imaginary 
differences  in  the  mode  of  combination  of  its  elements. 

My  objections  to  Dr.  Koibe's  formulae  may  be  described  under  the 
following  heads  : — 1.  They  give  a  wrong  atomic  weight  for  the  acetic 
acid  series  and  other  monobasic  acids ;  for,  water  being  represented 
by  the  formula  HO,  acetic  acid  contains  empirically  Cg  Hg  O2,  and 
not  double  that  number  of  elements,    as   Kolbe's  formula  states. 

2.  Any  formula  or  other  description  of  an  organic  body  is  of  course 
only  applicable  to  it  under  those  conditions  in  which  it  retains  its 
peculiar  form  and  properties.  Thus,  a  formula  for  acetic  acid  cannot 
apply  to  it  beyond  that  temperature  at  which  the  compound  under- 
goes decomposition ;  for  beyond  this  limit,  tbe  elements  are  no  longer 
arranged  in  the  form  or  with  the  properties  of  acetic  acid.  Now 
Dr.  Kolbe's  theory  does  exactly  the  reverse  of  this;'  for  it  assumes 
in  acetic  acid  an  arrangement  of  elements  which  is  never  known  to 
occur  until  an  acetate  is  subjected  to  destructive  influences.  His 
definition  of  acetic  acid  is  only  true  of  the  elements  of  that  body  when 
they  depart  from  the  arrangement  which  constitutes  acetic  acid. — 

3.  This  theory  of  ^cetic  acid  fails,  or  rather  omits  entirely,  accounting 
for  the  formation  of  chloride  of  othyl  and  anhydrous  acetic  acid. — 4.  It 
sbows  no  connexion  between  acetic  acid  and  alcohol,  from  which  it  is 
formed  by  the  substitution  of  oxygen  for  hydrogen  ; 
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^2  Hg  0  +  02=^2  H4  O2  +  HaO 

la  fact,  it  accounts  for  none  of  the  transformations  within  the  type 
of  the  acetates,  and  begins  exactly  where  a  correct  theory  would  end. 

I  regret  that  my  strictures  cannot  in  justice  stop  at  these  negative 
charges,  which  merely  show  that  Dr.  Kolbe  has  fajj^ed  in  establishing 
an  admissible  theory  of  the  constitution  of  acetic  acid.  For  he 
has  greatly  contributed  to  the  development  of  what  must  be  acknow- 
ledged to  be  the  chief  defect  of  our  present  system  of  chemistry. 
Whilst  others  were  striving  to  simplify  the  method  of  explaining 
chemical  changes,  by  analysing  or  eliminating  those  vague  and  ill- 
defined  terms  which  necessarily  arise  in  the  infancy  of  a  science.  Dr. 
Kolbe  has  been  moving  in  the  opposite  direction,  and  has  been  con- 
fusing his  own  ideas  and  those  of  his  countrymen,  by  the  introduction 
of  perfectly  unmeaning  signs  for  the  representation  of  imaginary  facts 
and  equally  unreal  distinctions.  For  instance,  his  formula  for  acetic 
acid  says  that  half  its  carbon  is  combined  with  part  of  its  hydrogen, 
as  methyl,  and  that  the  other  half  is  joined  on  to  this  methyl  in  some 
mysterious  way  (illustrated  by  a  buckle) ;  that  three  atoms  of  oxygen  are 
joined  in  some  difierent  manner  to  the  carburet  of  methyl,  and  that 
water  (ready  formed)  is  united  to  this  oxycarburet.  Now  if  this 
method  of  giving  arbitrary  signs  to  the  combining  forces  of  imaginary 
constituents  were  to  supersede  a  description  of  the  leading  properties 
of  compounds,  and  a  comparison  of  them  with  those  of  other  com- 
pounds according  to  their  classification,  chemistry  would  soon  cease 
to  be  a  science.  It  would  be  just  as  reasonable  to  describe  an  oak- 
tree  as  composed  of  the  blocks  and  chips  and  shavings  to  which  it 
maybe  reduced  by  the  hatchet,  as  by  Dr.  Kolbe^s  formula  to  describe 
acetic  acid  as  containing  the  products  which  may  be  obtained  from  it 
by  destructive  influences.  A  Kolbe  botanist  would  say  that  half  the 
chips  are  united  with  some  of  the  blocks  by  the  force  parenthesis;  the 
other  half  joined  to  this  group  in  a  different  way,  described  by  a 
buckle ;  shavings  stuck  on  to  these  in  a  third  manner,  comma ;  and 
finally,  a  compound  of  shavings  and  blocks  united  together  by  a 
fourth  force,  juxtaposition^  is  joined  on  to  the  main  body  by  a  fifth 
force,  full  stop.  The  general  use  of  unmeaning  signs  has  become  so 
habitual  to  Dr.  Kolbe,  that  whenever  anything  has  to  be  explained, 
he  performs  the  task  to  his  own  satisfaction  by  inventing  a  sign  for  its 
unknown  cause.  He  fancies  that  equations  explaining  a  result  by 
a  given  series  of  decompositions  belong  to  a  different  theory  when 
their  unit  is  altered  and  their  form  changed,  so  as  to  admit  of  the  same 
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sign  being  used  in  different  senses.  He  thinks  that  the  word  ''  contact- 
force^^  gives  a  better  explanation  of  the  process  of  etherification  than 
a  description  of  the  successive  steps  of  which  the  process  has  been 
proved  to  consist.  Signs  and  words  are  doubtless  indispensable  means 
for  the  expression  of  facts  or  thoughts ;  but  Dr.  Kolbe  uses  them 
instead  of  facts,  and  as  a  substitute  for  ideas. 

Dr.  Kolbe  proceeds  to  argue  in  favour  of  his  idea  of  acetic  acid 
containing  methyl  and  carbon  as  a  compound  radical,  (Cg  H3)""C2,  and 
informs  us  that  he  sees  in  the  valuable  additions  which  our  knowledge 
of  acetic  acid  has  received  since  this  view  was  brought  forward, 
nothing  but  further  evidence  of  its  truth.  He  does  not,  however, 
explain  in  what  manner  the  formation  of  chloride  of  othyl  and  of  anhy- 
drous acetic  acid,  and  of  their  various  reactions  producing  numerous 
bodies  containing  the  radical  othyl  (all  discovered  since  his  theory  was 
promulgated),  can  be  considered  as  confirmations  of  the  notion  of  his 
carburet  of  methyl.  He  says  that  carbon  may  very  well  be  conceived 
to  form  a  compound  radical  with  methyl,  since  selenium,  tellurium,  and 
arsenic  are  known  to  do  so.  Carbon,  however,  possesses  no  such  analogy 
with  those  elements  that  it  must  be  supposed  to  combine  in  the  same 
way  as  they  do ;  but  on  the  contrary,  behaves  so  differently  from  them 
in  most  cases,  that  it  may  be  concluded  it  would  do  so  in  this  instance 
also.  If  part  of  the  carbon  in  acetic  acid  were  replaced  by  another 
element,  that  fact  would  be  no  proof  that  the  carbon  had  been  con- 
tained in  two  different  forms  in  the  original  acid,  any  more  than  the 
replacement  of  part  of  the  hydrogen  in  ethyl  by  chlorine  would  be 
any  proof  that  there  were  two  sorts  of  hydrogen  in  the  ethyl  before 
that  substitution. 

Dr.  Kolbe  says:  ^'^Since  Gerhardt  and  Chiozza's  recent  and  very  im- 
portant researches  have  proved  the  correctness  of  Liebig^s  andWohler's 
original  benzoyl- theory,  and  it  can  therefore  scarcely  be  doubted  that  an 
oxygenised  radical  occurs  in  acetic  acid  and  other  acetyl-compounds,  the 
old  acetyl  (C2  H3)'^C2  naturally  presents  itself  as  the  ultimate  radical, 
and  the  group  (C2H3)'"C203  as  the  proximate  radical  of  these  compounds; 
the  latter  might  be  called  acetoxyL"  Now  Dr.  Kolbe  cannot  fail 
to  recollect  thatGerhardt  and  Chiozza  prepared  compounds  containing 
othyl  exactly  in  the  same  manner  as  they  prepared  others  containing 
benzoyl,  and  their  researches  prove  the  correctness  of  the  othyl-theory 
by  the  same  reactions  which  are  admitted  to  prove  the  correctness  of 
the  benzoyl  theory.  •  But  they  even  did  more  in  proof  of  the  othyl- 
theory  than  what  Dr.  Kolbe  admits  to  be  proof  of  the  benzoyl-theory, 
for  Gerhardt  prepared  the  chloride  of  othyl  from  an  acetate  by 
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the  pentachloride  of  phosphorus, — a  reaction  which  had  been  dis- 
covered previously  in  the  case  of  benzoyl  by  C  ah  ours,  and  which  is  the 
same  as  that  by  which  the  chlorides  of  the  best-known  radicals,  such 
as  methyl,  ethyl,  amyl,  &c.,  are  prepared.  Our  author  thus  acknow- 
ledges the  decisive  character  of  evidence  which,  applied  to  the  question 
at  issue  (acknowledged  analogous),  proves  the  very  fact  which  he  in- 
tended upsetting.* 

The  author  alludes  to  Gerhardt's  discovery  of  monobasic  anhy- 
drous acids,  and  seems  disposed  to  deny  the  conclusions  which  have 
been  drawn  regarding  their  constitution  from  observations  of  boiling 
points,  densities  of  vapours,  &c.  He  then  proceeds  to  suggest  experi- 
ments which  in  his  opinion  would  be  of  great  interest,  especially  the 
preparation  of  anhydrous  acetic  acids  in  which  uneven  numbers  of 

atoms  of  hydrogen  in  the  group  ^^  TT^  n  ^  ^^^  replaced  by  chlorine. 

The  existence  of  a  body  such  as  one  of  these,  would,  he  admits,  be 
inconsistent  with  his  formula  for  acetic  acid,  which  admits  only  three 
atoms  of  hydrogen.  It  is  singular  Dr.  Kolbe  should  not  have 
perceived  that  the  action  oi  chloride  of  othyl  on  chloro-acetate  of 
potash  will  give  rise  to  an  anhydrous  acetic  acid  in  which  three  out  of 
the  six  atoms  of  hydrogen  will  be  replaced  by  chlorine — 

exactly  in  the  same  way  as  the  chloride  of  othyl  produces  in  its 
action  on  benzoate  of  potash,  the  benzoate  of  othyl ;  nor  is  it  very  clear 
in  what  respect  the  existence  of  the  former  intermediate  acid  would 
be  more  satisfactory  in  disproof  of  his  formula  than  the  latter  one, 
and  the  others  of  analogous  constitution  discovered  by  Gerhardt. 
His  remarks  on  the  subject  of  the  possible  decomposition  of  ethylate 
of  potash  by  the  electric  current  are  precisely  the  equivalent  of  those 
on  the  corresponding  decomposition  of  the  acetate ;  and  I  am  not  aware 
that  in  describing  ethyl  in  that  compound  as  acting  the  part  of  a 
chlorous  radical,  I  have  given  any  reason  to  conclude  that  it  should 
act  in  electrolysis  like  a  base. 

One  important  subject  on  which  the  ideas  of  some  chemists  at  the 
present  time  are  particularly  confused,  is  the  doctrine  of  chemical 

*  Since  writing  the  above,  I  perceive  that  in  the  version  of  Dr.  Kolbe's  paper  published 
in  liiebig's  Annalen,  xc.  56,  the  formula  of  othyl  with  altered  atomic  weights  [(Cg  H3)^C2  Ojl 
is  here  given  instead  of  that  of  anhydrous  acetic  acid.  [A.  W.  W.] 
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equivalents ;  and  this  confusion  arises  in  great  measure  from  a  careless 
use  of  the  same  word  in  different  meanings.  Dr.  Kolbe  in  the  course 
of  his  paper  touches  on  this  point,  and  brings  forward  in  connection 
with  it  what  he  considers  a  contradiction  to  my  theory.  Before 
considering  his  remarks  on  this  subject,  I  must  beg  leave  to  remind 
the  Society  of  the  atomic  explanation  which  I  suggested  for  polybasic 
acids.  When  in  two  atoms  of  water  half  the  hydrogen  of  each  is 
replaced  by  a  chlorous  radical,  the  acid  produced  is  monobasic  or 
bibasic,  according  to  the  atomic  weight  of  the  radical.  For  example, 
take  equivalent  quantities  of  peroxide  of  nitrogen  N2  O4  and  sulphu- 
rous acid  SO2  ;  that  is,  quantities  susceptible  of  replacing  equal 
amounts  of  hydrogen ;  and  let  the  peroxide  of  nitrogen  replace  two 

atoms  of  hydrogen  in  two  of  water  tt     ;  let  the  sulphurous  acid  also 

replace  two  atoms  of  hydrogen  in  two  of   water,  forming   respec- 

.  .     .     H  a  .    .    H  Q 

tively  nitric  acid  N20^      and  sulphuric  acid  S.O2     •     The  first   pro- 
H    O  H   O 

XT 

duct  will  consist  of  two  atoms  of  the  composition  ^     Q,,  the  second 

of  one  atom  only,  because  N2O4  is  divisible  into  two  atoms  NO21 
whereas  SQ2  i^  indivisible,  two  atoms  of  the  former  being  equivalent 
to  one  atom  of  the  latter  radical.  An  atom  of  the  bibasic  radical,  on 
replacing  two  atoms  of  hydrogen,  holds  together  the  elements  with 
which  the  hydrogen  had  been  combined ;  but  when  the  same  amount 
of  hydrogen  is  replaced  by  a  monobasic  radical,  such  as  peroxide 
of  nitrogen,  each  of  the  two  atoms  acts  by  itself,  replacing  one  of 
hydrogen,  Basylous  radicals  act  in  a  perfectly  similar  manner.  The 
atoms  of  some  of  them  can  replace  more  hydrogen  than  those  of  others, 
i,  e.  have  a  different  equivalent  value  from  them ;  and  there  are  some 
metals  susceptible  of  replacing  hydrogen  in  two  or  more  definite  pro- 
portions,— that  is,  of  altering  their  equivalent.  Thus,  tin  in  the  pro- 
tochloride  may  be  considered  as  replacing  one  atom  of  the  hydrogen  of 
hydrochloric  acid ;  in  the  bichloride,  where  the  same  weight  of  metal 
is  combined  with  twice  as  much  chlorine,  it  replaces  twice  as  much 
hydrogen.  But  although  the  equivalent  or  substitution-value  of  the 
metal  is  different  in  these  two  compounds,  its  atomic  weight  is  the  same. 
Again,  iron,  in  its  protoxide,  has  an  equivalent  or  substitutiou -value 
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of  28 ;  for  one  part  of  hydrogen  is  replaced  by  that  weight  of  the 
metalj  and  in  an  atom  of  water  one  or  both  atoms  of  hydrogen  may 
be  thus  replaced.  But  in  the  sesquioxide  of  iron,  only  two-thirds  as 
much  of  the  metal  are  found  in  combination  with  a  like  amount  of 
oxygen ;  for  two  atoms  of  iron  replace  and  are  equivalent  to  three  of 
hydrogen.* 

Now  Dr.  Kolbe  objects  to  M.  Gerhardt^s  using  a  symbol  to 
express  this  well-known  difference  in  the  combining  proportions  of 
iron  in  its  two  oxides  and  their  respective  salts.  He  attributes 
to  Gerhardt  formulae  for  the  neutral  benzoates  of  the  two  oxides 
of  iron,  in  which  the  basic  hydrogen  in  benzoic  acid  is  replaced, 
first  by  iron  with  its  greatest  combining  proportion,  and  then  by 
two-thirds  that  quantity  of  the  metal, — formulse  which  represent 
strictly  the  combining  proportions  of  the  elements  in  those  two 
salts.  Now  I  must  confess  that  while  fully  appreciating  the  logical 
importance  of  being  able  by  such  formulse  to  represent  the  com- 
position of  salts  without  resorting  to  any  hypothetical  notion,  and 
from  the  sole  point  of  view  of  equivalence  or  replacing  power, 
I  am  disposed  to  prefer,  for  most  purposes,  an  atomic  repre- 
sentation of  their  constitution,  as  the  molecular  weights  of  the 
salts,  or,  I  may  say,  their  atomic  weights,  are  thus  represented,  and 
their  polybasic  or  polyacid  character  described.  Instead  of  using  the 
symbol  of  iron  as  representing  merely  its  equivalent  or  substitution- 
value,  and  accordingly  indicating  the  variation  of  that  substitution- 
value  by  a  change  of  symbol,  I  prefer  the  uniform  adoption  of  the 
atomic  weight  in  the  several  classes  of  salts. 

Thus,  if  Bz=€7  H5  O,  we  shall  have  ^^  Q  and  j^^3  q^  ^s  the  for- 
mulse of  the  proto-  and  sesqui-benzoate  of  iron.  If  these  formulse 
do  not  agree  with  Dr.  Kolbe's  ideas  on  the  subject,  he  must  at  least 
acknowledge  that  they  are  perfectly  consistent  with  my  method  of 
representing  other  products  of  substitution  of  water ;  and  that  the 
fact  of  the  atomic  weight  of  iron  being  unchangeable,  whilst  its 
equivalent  value  alters,  or,  in  other  words,  the  fact  of  an  atom  of  iron 
sometimes  replacing  one  of  hydrogen,  sometimes  two  of  iron  replacing 
three  of  hydrogen,  is  the  only  explanation  of  the  union  of  three 
atoms  of  benzoic  acid  by  the  sesquioxide  into  what  we  may  call  a 
triacid  salt.     The  author  will  no  doubt  see  by  them  why  the  com- 

*  In  connection  with  this  subject,  see  Dr.  Odling's  important  paper  "  On  the  Constitution 
of  Acids  and  Salts,"  page  1  of  this  volume. 
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pounds  are  not  possible  which  he  correctly  suggests  might  occur  if 
Gerhardt^s  formulae  of  the  benzoates  were  correct;  for,  as  the 
equivalent  value  of  potassium  is  not  known  to  vary  in  any  of  its 
salts,  it  could  not  be  expected  to  pass  over  into  the  type  of  sesqui- 
oxides,  and  in  precipitating  iron-alum  must  necessarily  throw  down 
the  whole  of  each  atom  of  sesquioxide,  reproducing  a  common  proto- 
sulphate. 
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MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


Anniversary  Meeting,  March  30,  1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  Report  of  the  Council  and  the  Audited  Account  of  the  Trea- 
surer were  read  {vide  pp.  144  and  159). 

The  Meeting  then  proceeded  to  the  election  of  Council  and  Officers 
for  the  ensuing  year,  and  the  following  gentlemen  were  declared  to 
have  been  duly  elected  : — 

PRESIDENT. 

Colonel  Philip  Yorke,  F.R.S. 

VICE-PRESIDENTS, 
(who  have  filled  THE  OFFICE  OF  PRESIDENT). 

W.  T.  Brande,  F.R.S.  C.  G.  B.  Daubeny,  M.D.,  F.R.S. 

Thomas  Graham,  F.R.S. 

VICE-PRESIDENTS. 

H.  Bence  Jones,  M.D.,  F.R.S.        Robert  Warington,  Esq. 
G.  D.  Longstaff,  M.D.  A.  W.  Williamson,  Ph.D. 

SECRETARIES. 

B.  C.  Brodie,  F.R.S.  Theophilus  Redwood,  Ph.D. 
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FOREIGN  SECRETARY. 

A.  W.  Hofmann,  Ph.D.,  F.R.S. 

TREASURER. 

Robert  PoiTett,  F.R.S. 

OTHER  MEMBERS  OF  THE  COUNCIL. 

Thomas  Anderson,  M.D.  W.  A.  Miller,  M.D.,  F.R.S. 

Dugald  Campbell,  Esq.  Hugh  Lee  Pattinson,  F.G.S. 

Warren  De  la  Rue,  Ph.D.,  F.R.S.  John  Stenhouse,  LL.D.,  F.R.S. 

J.  H.  Gladstone,  Ph.D.,  F.R.S.  Thomas  Taylor,  Esq. 

William  Herapath,  Esq.  John  Thomas  Way,  Esq. 

Charles  Heisch,  Esq.  George  Wilson,  M.D.,  F.R.S.E. 

The  thanks  of  the  Society  were  voted  to  the  President,  Officers,  and 
Council,  for  their  services  during  the  past  year. 


April  3,  1854. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

August  Kekule,  Ph.D.,  and  Reinhold  Hoffmann,  Esq.,  were 
elected  Associates  of  the  Society. 

Mr.  J.  T.  Way  communicated  to  the  Society  the  results  of  his 
investigations  "  On  the  influence  of  certain  parts  of  the  soil  in  sepa- 
rating saline  and  other  matters  from  their  solution  in  water,  and  in 
absorbing  and  fixing  the  valuable  constituents  of  manure,  so  as  to 
present  them  in  an  available  form  to  the  roots  of  plants.'' 


April  17,  1854. 

A  paper  was  ^;ead  "  On  the  Composition  of  a  specimen  of 
Atacamite  from  the  province  of  Copiapo,  Chili/'  by  Frederick 
Field. 
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May  1,  1854. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

Robert  Railton,Esq.,  of  University  College,  and  Patrick  Duffy, 
Esq.,  of  Belfast,  were  duly  elected  Fellows  of  the  Society. 

Dr.  H.  Bence  Jones  delivered  a  discourse  "  On  the  Quantitative 
Examination  of  Solutions  of  diflferent  varieties  of  Sugar  by  SoleiPs 
Saccharometer.-'^ 


May  15,  1854. 
Professor  Graham,  Vice-President,  in  the  Chair. 
The  following  donations  were  announced : — 

"  Literary  Gazette  :^'  four  numbers,  from  the  Publishers. 

"  Journal  of  the  Society  of  Arts  :"  four  numbers,  from  the  Society. 

"  Journal  of  the  Photographic  Society  :"  four  numbers,  from  the 
Society. 

"  Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles  :^^  four 
numbers. 

"  Proceedings  of  the  Royal  Society :^^  from  the  Society. 

'^Journal  of  the  Franklin  Institute:^'  from  the  Institute. 

"  Pharmaceutical  Journal  for  May  /'  from  the  Editor. 

H.  W.  Miiller,  Ph.D.,  110,  Bunhill  Row,  and  Charles  Greville 
Williams,  3,  Oxford  Court,  Cannon  Street,  were  duly  elected  Asso- 
ciates of  the  Society. 

The  following  papers  were  read : — 

"  On  the  occurrence  of  Ozone  and  Peroxide  of  Hydrogen  in  the 
Electrolysis  of  Sulphuric  Acid  :"  by  Heinrich  Meidinger. 

"  On  the  Corrosive  Action  of  Sugar  on  Iron  and  other  Metals :" 
by  Dr.  J.  H.  Gladstone. 


June  5,  1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  donations  were  announced  : — 
*^The  Journal  of  the  Society  of  Arts:'^  two  numbers,  from  the  Society. 


PROCEEDINGS  OF  THE  CHEMICAL  SOCIETY.  143 

"  The  Journal  of  the  Photographic  Society  :^^  two  numbers,  from  the 
Society. 

"  The  Pharmaceutical  Journal  for  June  -/'  from  the  Editor. 

"  The  Quarterly  Journal  of  the  Geological  Society:"  from  the  Society. 

"  The  Literary  Gazette  :'^  two  numbers,  from  the  Pubhshers. 

'^  On  the  Homoeomorphism  of  Mineral  Species  of  the  Trimetric 
System  ;  and  an  Appendix  to  ditto  :"  by  James  D.  Dana. 

"  Contributions  to  Chemical  Mineralogy:"  by  James  D.  Dana. 

Dr.  E.  Frankland  delivered  a  discourse  ^^On  the  Technological 
History  of  Wood  as  a  E-aw  Material." 


June  19,  1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  papers  were  read : — 

"  Preliminary  Notice  on  the  Action  of  Ammonia  on  the  Oils  and 
Fats:"  by  Thomas  H.  Rowney,  Ph.D. 

"  On  the  Action  of  Iodine  on  Calomel :"  by  Dr.  R.  M.  Glover. 

"On  an  unexpected  source  of  Nitrobenzoyl :"  by  Arthur  H. 
Church. 

"  On  the  Substitution-Compounds  obtained  by  the  Action  of  Nitric 
Acid  on  Cotton  :^^  by  Edward  Ash  Hadow. 


ANNIVEESAEY  MEETING, 

MARCH  30,  1854, 
Colonel   Philip   Yorke,  F.R. S.,    President, 


IN   THE    CHAIE. 


The  following  Annual  Report  of  the  Council  was  read  by  the 
President : — 

The  Council  are  happy  to  be  able  to  announce  on  this  occasion, 
which  is  our  fourteenth  Anniversary,  that  the  Society  is  in  a  pros- 
perous condition.  The  number  of  Fellows  at  the  last  Anniversary 
were : — 

Resident  and  Non-resident 241 

Deduct  Deaths,  Withdrawals,  and  Removed  being  in 
arrear        ........         7 


234 
Add  elected  since 13 


247 


From  our  Foreign  list  the  Society  has  lost  two  by  death  during  the 
past  year,  both  of  them  men  eminently  distinguished  in  advancing 
the  science  which  is  the  object  of  this  Society,  and  claiming  a  notice  in 
this  Report. 

Leopold  Gmelin  belonged  to  a  family  which  for  four  generations 
had  been  actively  engaged  in  the  pursuit  of  Chemistry.  J  oh  an n 
Georg  Gmelin,  apothecary  at  Tiibingen,  who  was  born  in  1674  and 
died  in  1728,  had  three  sons,  all  of  whom  devoted  themselves  to 
Chemistry  and  the  allied  sciences.  Johann  Conrad  Gmelin  (born 
1707)  was  a  physician  and  apothecary  at  Tiibingen ;  his  grandson. 
Christian  Gottlob  Gmelin  (born  1792),  is  now  Professor  of 
Chemistry  at  the  same  place.  Johann  Georg  Gmelin  the  younger 
(born  1709)  practised  as  a  physician  at  St.  Petersburgh,  where  he 
was  made  Professor  of  Chemistry  and  Natural  History,  but  is  chiefly 
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known  by  his  travels  in  Siberia  (1738  to  1745) ;  he  afterwards 
returned  to  Tiibingen,  where  he  was  appointed  Professor  of  Chemistry 
and  Botany,  and  died  in  1755.  The  third  son,  Philip  Fried  rich 
Gmelin  (born  1722),  succeeded  the  last-mentioned  in  his  Professor- 
ship, and  died  at  Tiibingen  in  1768;  he  was  the  father  of  Johann 
Friedrich  Gmelin  (born  1748),  Professor  of  Natural  History  and 
Botany  at  Tiibingen,  and  afterwards  of  Chemistry  at  Gottingen,  and 
the  grandfather  of  the  distinguished  man  who  forms  the  subject  of 
this  notice. 

Leopold  Gmelin  was  born  at  Gottingen  on  the  2nd  of  August, 
1788.  From  1799  to  1804  he  attended  the  Lyceum  at  Gottingen, 
and  in  the  summer  of  1804,  his  father's  lectures  on  Mineralogy.  In 
the  autumn  of  the  same  year,  he  went  to  Tiibingen,  where  he  practised 
chemical  manipulation  in  the  pharmaceutical  laboratory  of  his  near 
relation.  Dr.  Christian  Gmelin  (the  son  of  Johann  Conrad 
Gmelin,  and  father  of  Christian  Gottlob  Gmelin),  and  attended 
Kill m oyer's  lectures  on  Chemistry. 

In  the  autumn  of  1805  he  returned  to  Gottingen,  where  he  devoted 
himself  with  zeal  to  all  branches  of  medical  science,  but  especially  to 
Chemistry,  for  which  he  attended  Stromeyer's  lectures :  he  also 
studied  mathematics.  After  passing  a  distinguished  examination,  he 
went,  in  the  summer  of  1809,  to  Wiirtemburg,  and  thence  to  Switzer- 
land, which  he  traversed  in  all  directions,  hammer  in  hand.  From  the 
autumn  of  1809  to  Easter  1811  he  remained  in  Tiibingen,  and  then 
went  to  Vienna,  where  he  visited  the  hospitals,  and  carried  out,  in 
Jacquin's  laboratory,  the  greater  part  of  the  experiments  which 
form  the  basis  of  his  Doctor-dissertation  ^'  On  the  Black  Pigment  of 
the  Eye."  He  left  Vienna  in  the  spring  of  1812,  and  went  to  Italy, 
where  he  remained  till  the  spring  of  1813, — chiefly  at  Naples,  but  for 
some  time  also  at  Home.  The  observations  and  collections  made  in 
these  journeys  supplied  the  chief  material  of  the  chemico-mineralogical 
investigations  which  formed  the  subject  of  his  "  Habilitation-schrift'' 
at  Heidelberg. 

On  his  way  back  to  Gottingen,  he  staid  some  time  at  Heidelberg, 
where  the  Professor  of  Chemistry,  George  Succow,  being  then 
recently  dead,  Gmelin  was  encouraged  to  give  lectures  on  Chemistry. 
Availing  himself  of  the  opportunity  thus  presented,  he  obtained  the 
venia  docendi  in  Heidelberg,  spent  the  remainder  of  the  summer  at 
Gottingen,  making  the  necessary  preparations  for  his  new  duties,  and 
in  the  autumn  of  the  same  year  began  his  career  as  an  academic  teacher 
in  Heidelberg,  which  he  afterwards  pursued  with  zeal  and  success  for 
nearly  forty   years.     Twelve   months   afterwards  he  was  appointed 
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Extraordinary  Professor  of  Chemistry.  His  celebrated  ''  Handbook 
of  Chemistry"'  was  then  ah'eady  begun.  In  the  autumn  of  1814,  he 
went  to  Paris,  and  occupied  himself  chiefly  with  practical  researches 
in  Vauquelin's  laboratory.  Two  years  afterwards  he  won  the  heart 
and  hand  of  Luise  Maurer,  the  daughter  of  a  clergyman  in  the 
neighbourhood  of  Heidelberg,  and  thereby  laid  the  foundation  of 
a  domestic  happiness  which  continued  without  interruption  to  the 
end  of  his  days.  By  this  marriage,  which  was  blest  with  three 
daughters  and  a  son,  Gmelin  became  completely  domesticated  in 
Heidelberg ;  and  for  the  sake  of  his  wife,  who  was  unwilling  to  quit 
the  beautiful  scenes  of  her  home,  he  even  declined  the  honourable 
and  lucrative  appointment  of  Professor  of  Chemistry  at  Berlin, 
whither  he  was  invited  in  1817,  to  succeed  Klaproth,  who  died  in 
that  year.  He  was  soon  afterwards  made  ordinary  Professor  of 
Medicine  and  Chemistry  at  Heidelberg.  Some  years  afterwards,  in 
1835,  he  declined,  for  similar  reasons,  an  equally  honourable  and 
advantageous  summons  to  fill  the  Chair  of  Chemistry  at  Gottingen, 
preferring  to  remain  in  his  adopted  home,  although  his  emoluments 
there  were  much  less  than  they  would  have  been  either  at  Gottingen 
or  at  Berlin. 

In  1841  he  made  an  excursion  to  Oldenburg,  where  his  eldest 
daughter  had  been  some  months  married,  and  there,  on  the  1st  of 
October,  he  celebrated  his  '^silberne  Hochzeit,''  the  twenty-fifth 
anniversary  of  his  marriage.  His  hair  had  then  become  grey,  but  his 
frame  still  retained  all  the  vigour  of  youth. 

But  he  rarely  indulged  himself  with  recreations  like  this  journey ; 
indeed,  in  the  latter  portion  of  his  life  he  was  so  completely  en- 
grossed with  the  gigantic  labour  of  preparing  the  fourth  edition  of 
his  "  Handbook,"  that  he  became  quite  neglectful  of  his  health. 
Often,  after  many  weeks'  untiring  exertion  in  the  lecture-room,  in 
the  laboratory,  and,  most  of  all,  at  the  writing-desk,  he  would  barely 
allow  himself  an  hour's  recreation  in  the  twilight  for  a  walk  over  the 
neighbouring  hills. 

In  1848,  he  had  an  attack  of  paralysis,  which  though  it  only 
deprived  him  for  a  while  of  his  power  of  action,  nevertheless  destroyed 
the  freshness  and  vigour  of  his  manner.  From  that  time  a  dark 
cloud  seemed  to  overshadow  him,  ready  at  any  moment  to  discharge 
the  storm.  But  he  still  worked  at  his  "  Handbook"  with  untiring 
assiduity,  as  shown  by  the  volumes  which  have  since  appeared.  In 
1850  he  was  again  attacked  by  paralysis,  which  obliged  him  to  resign 
his  professorial  functions.  He  still,  however,  remained  active  in  the 
cause  of  science,  and  laboured  earnestly  at  the  second  volume  of  the 
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'^Organic  Chemistry,"  which  he  completed  in  May  1852.  But  from 
that  time  his  powers,  both  mental  and  bodily,  rapidly  declined ;  an 
insidious  disease  of  the  brain  was  steadily  gaining  ground ;  and  soon 
there  was  nothing  left  of  Leopold  Gmelin  but  the  shadow.  Even 
in  this  state  he  exhibited  the  greatest  anxiety  about  the  appointment 
of  a  worthy  successor  to  his  Professorship ;  and  when  he  heard  that 
Bun  sen  was  to  succeed  him,  his  suffering  countenance  was  lighted 
up  with  joy,  as  if  he  had  received  a  positive  assurance  of  his  own 
recovery.  In  the  spring  of  1853  it  became  evident  that  his  end  was 
approaching,  and  he  died  on  the  13th  of  April,  in  the  65th  year  of 
his  age. 

The  most  striking  feature  of  Gmelin's  character  was  his  thorough 
conscientiousness,  and  the  purity  and  truthfulness  of  mind  thence 
arising.  He  was,  in  the  fullest  sense  of  the  word,  an  anima  Candida, 
— a  man  never  satisfied  with  anything  that  may  just  pass  for  truth, 
but  striving  earnestly  after  that  which  is  really  true.  This  principle 
regulated  his  scientific  inquiries,  his  conduct  as  a  teacher,  and,  most 
of  all,  his  moral  and  social  character.  In  his  scientific  researches,  he 
thought  only  of  science, — not  of  anything  external  to  it.  Free  from 
ostentation,  and  rather  keeping  in  the  background  than  putting  himself 
forward,  he  never  sought  for  effect  or  transient  display,  but  only  for 
solid  facts  and  the  real  progress  of  knowledge.  As  a  teacher,  he  exhi- 
bited the  same  absence  of  display  and  pretension,  and,  though  not 
particularly  eloquent,  he  won  the  confidence  of  his  pupils  by  the  depth 
and  conscientiousness  of  his  teaching,  and  the  paternal  solicitude  with 
which  he  watched  their  progress. 

But  it  was  in  his  family  circle — in  the  midst  of  his  children  and 
grandchildren — that  his  character  shone  forth  in  all  its  beauty.  His 
fresh,  harmonious,  unsophisticated  nature,  enabled  him  at  once  to 
win  the  hearts  of  children ;  he  played  with  them  like  one  of  them- 
selves, was  never  tired  of  giving  advice  and  instruction,  and  showed 
the  greatest  delight  at  any  remark  or  question  which  exhibited  intel- 
ligence or  desire  of  knowledge.  He  felt  deeply  all  the  joys  and  griefs 
of  those  who  were  dear  to  him ;  no  sacrifice  for  their  sakes  was  too 
great ;  and,  while  he  gave  them  everything,  he  exacted  nothing  for 
himself.  The  same  kind,  truthful  spirit  and  generous  sympathy  he 
likewise  extended  to  his  friends,  among  whom  were  a  great  number 
of  excellent  and  distinguished  men  from  all  circles  of  life.  Such  a 
man  was  sure  to  ^ain  the  ready  confidence  of  all  who  approached  him. 
There  was  no  artificial  or  assumed  manner  to  separate  from  that 
which  was  real  and  permanent  in  him, — no  conventional  medium  to 
be  looked  through  in  order  to  arrive  at  his  real  nature.     His  polite- 
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ness,  which  he  never  laid  aside  even  in  the  most  familiar  household 
intercourse,  was  the  outpouring  of  a  friendly  and  benevolent  spirit, 
and  required  no  peculiarity  of  manner  to  recommend  it;  it  went 
hand  in  hand  with  the  almost  excessive  modesty  which  was  one  of  the 
greatest  ornaments  of  his  character. 

To  the  world  at  large,  however,  Gmelin  is  known  only  by  his 
scientific  discoveries  and  writings.  His  original  researches  in  Che- 
mistry are  numerous;  they  are  all  of  high  character,  and  as  complete 
as  the  means  of  investigation  existing  at  the  time  of  their  publication 
would  admit.  His  Doctor-dissertation,  "  On  the  Black  Pigment  of 
the  Eye,"  was  published  in  1812;  his  Habillitation-schrift,  "On 
Hauyne  and  minerals  related  to  it,  together  with  geognostic  obser- 
vations on  the  mountains  of  ancient  Latium,"  in  1814.  In  1820,  he 
undertook,  in  conjunction  with  Tiedemann,  a  series  of  experiments 
on  Digestion ;  and  in  1826  and  1827,  these  two  philosophers  pub- 
lished their  celebrated  research,  entitled  "  Die  Verdauung  nach  Ver- 
suchen.^' 

But  the  greatest  service  which  Gmelin  rendered  to  science, — 
a  service  in  which  he  surpassed  all  his  predecessors  and  all  his 
contemporaries,  —  consists  in  this: — That  he  collected  and 
arranged  in  order  all  the  facts  that  have  been  discovered 
in  connection  with  Chemistry.  His  " Handbuch  der  Chemie'^ 
stands  alone.  Other  writers  on  Chemistry  have  indeed  arranged 
large  quantities  of  material  in  systematic  order;  but  for  complete- 
ness and  fidelity  of  collation,  and  consecutiveness  of  arrangement, 
Gmelin's  "Handbook"  is  unrivalled.  It  is  quite  in  accordance  with 
the  extraordinary  simplicity  and  truthfulness  of  his  nature,  that 
in  this  work,  as  in  his  other  writings,  he  disdains  all  ornament 
of  style,  and  aims  at  truth  alone,  which  everywhere  gushes  out 
towards  the  reader  like  water  from  a  rock.  In  the  endeavour  to 
depict  with  accuracy  the  almost  boundless  field  of  chemical  science, 
he  condenses  all  the  known  facts  in  the  smallest  possible  space, 
but  nevertheless  contrives  to  present  a  complete  picture  of  them. 
His  accurate  acquaintance  with  chemical  science  in  all  its  breadth 
and  depth,  his  comprehensive  knowledge  of  languages,  his  untiring 
industry,  and  a  tenacity  in  carrying  out  a  plan  once  adopted, 
which  shrank  from  no  difficulties,  fitted  him  above  all  others  for 
carrying  out  such  an  undertaking.  The  wonderful  strength  of  his 
memory,  and  a  rare  power  of  comprehension  and  description,  enabled 
him  to  review  in  thought  a  large  quantity  of  material,  and  mark 
out  its  principal  divisions,  after  which  he  carefully  distributed  the 
several  fragments  of  matter  in  their  proper  places.     Detached  and 
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long-forgotten  observations  of  other  chemists  were  often  indebted  to 
Gmelin  for  first  giving  them  their  true  value,  inasmuch  as  he  put  them 
in  their  proper  places,  and  showed  their  connection  with  other  obser- 
vations. While  other  large  Manuals  of  Chemistry, — that  of  Ber- 
zelius  for  example, — give  merely  the  subjective  view  which  the  author 
takes  of  the  science,  stating  of  the  observations  of  other  chemists  only 
so  much  as  he  may  consider  true  and  valuable,  and  the  consequences 
which  he  may  be  inclined  to  deduce  frOm  them,  often  in  opposition 
to  the  opinions  of  the  authors  themselves, — Gmelin  sets  the  example 
of  putting  together,  in  a  purely  objective  view,  and  on  the  authority 
of  the  several  investigators,  all  that  has  been  observed  within  the 
domain  of  Chemistry, — not,  indeed,  withholding  his  own  opinions,  but 
placing  them  side  by  side  with  those  of  others,  and  never  suppressing 
the  latter.  Other  chemical  manuals  may,  indeed,  be  compared  to 
sketches  made  by  hand,  in  which  the  fidelity  of  representation  depends 
altogether  upon  the  idiosyncrasy  of  the  delineator;  but  Gmelin's 
"Handbook,"  in  each  of  its  editions,  is  a  ])aguerreotype  of  the  science 
at  the  time  of  its  appearance,  and  gives  the  pith  of  individual  chemical 
investigations  with  such  fidelity  and  completeness,  as  in  many  cases 
to  enable  chemists  to  dispense  with  reference  to  the  original  memoirs. 
Moreover,  it  has  often  directed  attention  to  deficiencies  and  contra- 
dictions, and  thus  given  rise  to  new  investigations.  It  has  been 
widely  influential  in  extending  an  accurate  knowledge  of  Chemistry, 
not  only  in  Germany,  but  wherever  the  science  is  cultivated.  The 
first  edition  of  this  great  work,  which  appeared  in  1817-1819,  included 
in  a  comparatively  small  space  the  whole  extent  of  chemical  science 
as  then  known;  the  fourth,  which  was  the  last  prepared  by  Gmelin 
himself,  was  published  from  1843  to  1852,  and  comprehends,  in  five 
well-filled  volumes,  the  whole  of  Inorganic  Chemistry,  but,  unfortu- 
nately, only  a  small  part  of  Organic  Chemistry.  It  is  from  this 
edition  that  the  English  translation,  now  in  course  of  publication 
under  the  auspices  of  the  Cavendish  Society,  is  made.  The  additions 
made  by  the  translator  bring  the  work  down  to  the  existing  state  of 
chemical  science  at  the  time  of  publication  of  each  volume. 

Auguste  Laurent  was  born  on  the  14th  of  November,  1807,  at  La 
Folic,  near  Langres  (Haute  Marne).  He  was  the  second  of  four  sons. 
His  father,  who  was  a  wine-merchant,  intended  him  to  succeed  to  the 
business,  and  required  of  him  to  learn  book-keeping, — an  occupation  for 
which  young  Laurent  exhibited  the  greatest  aversion.  He  preferred 
occupying  himself  with  mechanical  contrivances,  and  for  some  time 
devoted  himself  with  ardour  to  the  discoveiy  of  perpetual  motion. 
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Amongst  tlie  constructions  proceeding  from  the  hands  of  the  young 
scholar,  was  a  small  mill,  the  very  ingenious  mechanism  of  which 
excited  the  admiration  of  connoisseurs.  His  teachers,  moreover,  were 
not  slow  in  perceiving  the  young  man's  dispositions  and  inclination 
for  science ;  and  accordingly,  they  obtained  his  father's  consent  to 
direct  his  attention  to  the  higher  courses  of  study. 

His  father  lost  no  time  in  sending  him  to  Paris.  In  1826,  young 
Laurent,  then  at  the  age  of  19,  entered  the  "  E'cole  des  Mines," 
which  he  left  in  1 829  with  the  diploma  of  "  Ingenieur  des  Mines.''  He 
then  set  out  to  travel  in  Germany;  went  through  Austria,  Poland, 
Saxony,  and  the  Rhine  provinces ;  visited  the  mines  and  factories  of 
those  countries,  and  returned  with  a  rich  budget  of  notes  and  obser- 
vations. 

Among  the  sciences  taught  at  the  E'cole  des  Mines,  there  was  one 
by  which  young  Laurent's  mind  was  especially  captivated:  this 
science  was  Chemistry, — to  which,  accordingly,  as  soon  as  he  had 
become  a  little  more  master  of  his  actions,  he  devoted  himself  exclu- 
sively. He  then  put  the  last  touches  to  some  researches  commenced 
at  the  E'cole  des  Mines,  on  the  treatment  of  cobalt-ores,  the  prepara- 
tion of  smalt,  cobalt-blue,  &c., — also  on  the  treatment  of  arsenical 
ores ;  and  entered  upon  Organic  Chemistry.  These  researches  were 
made  at  the  "  E'cole  centrale  des  Arts  et  Manufactures,"  which  he  had 
just  entered  in  the  capacity  of  "  Preparateur."  Being  soon  afterwards 
appointed  chemist  at  the  manufactory  at  Sevres,  he  assisted  in  the 
researches  of  M.  Brogniart,  and  made  a  number  of  observations  and 
analyses,  the  results  of  which  are  recorded  in  the  "Traite  des  Arts 
ceramiques"  of  that  mineralogist.  In  the  course  of  these  inquiries,  he 
invented  a  process  for  the  analysis  of  alkaline  silicates,  which  is  still 
in  use  at  the  present  day. 

But  the  kind  of  work  pursued  at  Sevres  agreed  but  ill  with  the 
direction  of  Laurent's  mind;  he  had  but  little  time  to  devote  to  his 
favourite  studies ;  and  preferring  scanty  means,  and  even  privation,  to 
a  mode  of  life  which  did  not  satisfy  his  intense  desire  for  independence 
of  mind  and  thought,  he  resigned  his  appointment  at  Sevres,  and 
quietly  located  himself  in  a  garret  in  the  Rue  St.  Andre  des  Arts. 
He  there  fitted  up  a  laboratory,  which  was  soon  frequented  by  pupils, 
all  of  whom  remained  attached  to  him :  among  them  we  find  two 
persons, — M.  Prat,  a  merchant,  and  the  distinguished  surgeon,  M. 
Maisonneuve, — with  whom  he  contracted  friendships  which  lasted 

the  end  of  his  life. 

This  new  position  imposed  other  duties  upon  Laurent.  The  pains 
which  he  took  with  his  pupils  absorbed  the  greater  part  of  his  time, 
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and  on  the  whole  he  did  not  gain  much  by  the  change ;  indeed,  he 
was  even  less  able  than  at  Sevres  to  devote  himself  to  his  researches 
with  any  degree  of  continuity.  Having,  therefore,  after  some  time, 
accumulated  a  little  money,  he  dismissed  his  pupils,  and  applied 
himself  earnestly  to  recover  the  time  which  he  had  lost  for  the 
realisation  of  his  projects, — working  night  and  day  in  his  laboratory, 
and  endeavouring  to  make  the  small  sum  which  he  had  saved  last  as 
long  as  possible.  But  this  life,  so  full  of  enjoyment  for  Laurent, 
could  not  go  on  indefinitely ;  he  soon  found  himself  near  the  end 
of  his  savings ;  and  he  was  well  aware  that  the  parsimonious  life  he 
was  leading,  and  the  privations  he  imposed  upon  himself,  could  not 
much  longer  avert  the  destitution  which  was  already  knocking  at  his 
door.  He  therefore  reopened  his  laboratory  for  purposes  of  instruc- 
tion; his  pupils,  who  had  not  taken  offence  at  their  dismissal, 
returned  in  a  body ;  paid  regularly  at  the  end  of  each  month  the  80 
francs  required  for  their  instruction ;  and  soon  placed  their  master  in 
a  condition  to  dismiss  them  a  second  time. 

This  trait  is  peculiarly  characteristic  of  Laurent,  who  was  indeed 
the  personification  of  the  motto :  *'  La  science  pour  la  science ;" — 
science  for  its  own  sake,  apart  from  all  material  interests.  Accord- 
ingly, we  shall  see  him  lose  his  way,  every  time  that  he  attempts  to 
apply  his  knowledge  to  industrial  purposes. 

Science  had  indeed  complete  possession  of  his  soul ;  to  her  he  had 
devoted  himself  without  reserve,  and  without  foreseeing  the  end  to 
which  such  a  course  would  conduct  him.  The  nature  of  his  pre- 
vailing ideas  at  this  time  may  be  very  exactly  ascertained  from  a 
thesis  which  he  presented  to  the  "  Faculte  des  Sciences^^  at  Paris,  on 
the  20th  of  November,  1837,  to  obtain  the  degree  of  "Docteur  des 
Sciences.^'* 

These  high  theoretical  inquiries  had  completely  detached  him  from 
earth,  and  when  at  length  he  began  to  look  about  him,  he  found 
himself  poorer  than  ever.  He  therefore  accepted  an  offer  made  to 
him  by  a  perfumer,  whose  establishment  in  the  Rue  Bourg-Lobbe  he 
entered  in  the  capacity  of  chemist,  and  there  passed  his  time  in 
distilling  essences  and  testing  their  purity.  Not  being  much  troubled 
with  artificial  wants,  he  never  demanded  any  regular  salary  from  his 
employer,  but  contented  himself  with  occasionally  receiving  a  five- 
franc  piece  for  the  supply  of  his  most  urgent  necessities.  In  this 
establishment,  wh5re  he  continued  for  nearly  two  years,  his  observing 
spirit  found  ample  means  of  satisfaction  and  amusement ;  he  used  to 

*  Theorie  des  Combinaisons  organiques  (Ann.  Ch.  Phys.  [2],  61,  125).  See  the  pro- 
positions at  the  beginning  of  this  thesis. 
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take  peculiar  pleasure  in  stationing  himself  occasionally  in  the  shop, 
and  making  his  observations  on  the  vanities  and  prejudices  of  the 
elegant  and  high-bred  persons  who  frequented  it. 

During  all  this  time,  however,  though  unable  to  devote  himself 
continuously  to  his  scientific  researches,  he  kept  them  steadily  in 
view,  and  maintained  with  care  the  sacred  fire  of  his  soul,  taking 
advantage  of  his  intervals  of  leisure  to  collect  his  ideas  and  arrange 
them  in  a  regular  system.  This  was  the  object  of  the  above-mentioned 
thesis, — in  which,  in  fact,  he  developed  the  nucleus-theory,  the  theory 
of  substitution,  and,  in  general,  the  ideas  which  guided  him  in  his 
researches.  The  exposition  of  these  theories  led  to  a  lively  discussion 
between  Laurent,  M.  Thenard,  the  Dean,  and  M.  Dumas,  the 
Professor,  of  the  Faculty  of  Sciences ;  and  after  a  two  hours'  contest 
Laurent  received  the  diploma  of  "Docteur  en  Science.^'  This  was 
on  the  20th  of  November,  1837,  just  seven  years  after  he  had  taken 
the  degree  of  "  Ingenieur  des  Mines. ''^ 

After  this  discussion,  Laurent  descended,  though  with  regret,  from 
the  high  ground  of  theory,  and  returned  bravely  to  the  perfumer's 
laboratory  to  resume  his  daily  labour.  His  position  in  this  establish- 
ment was  comfortable  enough  in  a  material  point  of  view,  but  offered 
no  prospect  of  advancement.  He  therefore,  in  the  hope  of  enlarging 
his  means  of  action,  accepted  an  offer  from  the  General  Belgian 
Society,  then  recently  founded  for  the  purpose  of  establishing  a 
porcelain  manufactory  in  the  Duchy  of  Luxembourg.  Laurent  was 
appointed  chemist  to  this  society,  and  soon  afterwards  set  out  for 
his  post.  On  settling  accounts  with  his  old  patron,  the  perfumer, 
he  found,  to  his  great  surprise,  that,  during  the  eighteen  months  that 
he  had  passed  there,  he  had  gained  a  sum  of  10,000  francs.  This 
was  the  first  sum  of  money  he  had  ever  earned  by  the  application  of 
his  knowledge  to  industrial  purposes,  and  it  was  also  the  last :  we 
shall  presently  see  by  what  strange  destiny  this  money  proved  to  be 
of  no  use,  either  to  Laurent  or  to  science. 

This  new  position  was  destined  to  exert  a  powerful  influence  on  his 
future  career.  At  Luxembourg  he  married  ;  and  feeling  the  necessity 
of  gaining  a  more  permanent  station,  he  accepted  an  appointment  in 
the  University,  and  repaired  to  Bordeaux  in  the  capacity  of  Professor 
of  the  Faculty  of  Sciences.  This  was  on  the  30th  of  November,  1838. 
It  was  at  Bordeaux  that  his  most  important  researches  were  per- 
formed. 

But  though  incessantly  occupied  with  the  furtherance  of  his  theo- 
retical views,  he  nevertheless  paid  some  attention  to  industrial  appli- 
cation.    The  feeling  of  responsibility  as  a  father  of  a  family,  together 
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with  the  advice  of  his  friends,  having  induced  him  to  direct  his 
ideas  and  knowledge  towards  a  practical  and  lucrative  end,  he 
entered  into  partnership  with  a  merchant  for  the  purpose  of  manufac- 
turing sulphate  of  magnesia  and  sulphate  of  copper.  The  under- 
taking turned  out  a  failure;  and  Laurent  was  only  too  happy  to 
regain  his  liberty  by  sacrificing  the  10,000  francs  which  he  had  saved 
while  working  at  the  perfumery.  His  own  account  of  the  termination 
of  this  affair  is  as  follows :  "  En  apercevant  la  pente  sur  laquelle  je 
me  trouvais,  je  demandai  a  mon  associe  de  rompre  notre  contrat ;  je 
lui  dis  :  Tenez ;  voici  toute  ma  fortune ;  elle  is^eleve  h  1 0,000  francs  ; 
prenez  cette  somme,  a  la  condition  que  je  n^entende  plus  parler  de 
cette  malheureuse  affaire,  et  que  des  aujourd'hui  je  lui  sois  complete- 
ment  etranger/'  From  the  issue  of  this  adventure,  he  concluded 
that  it  is  useless  to  attempt  to  quit  the  sphere  of  action  which 
our  capacities,  tastes,  and  vocation  may  have  assigned  to  us; — he 
found,  indeed,  that  he  had  not  a  practical  turn  of  mind,  and  from 
that  time  forth  devoted  himself  exclusively  to  the  theoretical  part  of 
science. 

In  1844,  he  made  an  excursion  into  Germany,  and  went  to  Giessen, 
where  he  was  most  kindly  received  by  Liebig,  with  whom  he  had 
for  some  years  heen  engaged  in  controversy.  Liebig  begged  him  to 
give  a  public  lecture  on  his  views,  and  placed  the  "  Annalen'^  at  his 
disposal  for  their  publication. 

On  the  11th  of  August,  1845,  he  was  elected  a  Corresponding 
Member  of  the  Academy  of  Sciences,  in  place  of  Mr,  Faraday,  who 
was  made  an  Associate. 

Bourdeaux,  being  an  essentially  literary  town,  offered  but  few  scien- 
tific resources  to  Laurent ;  hence  he  had  for  some  time  resolved  on 
returning  to  Paris, — a  project  which  he  put  in  execution  in  the  beginning 
of  the  year  1846 ;  resigning  his  appointment,  and  leaving  Bordeaux 
with  his  wife  and  son.  Being  without  fortune,  and  receiving  only 
half  his  salary  (2,000  fr.),  he  quietly  took  up  his  residence  in  a  fourth 
story  in  the  Rue  de  FUniversite,  dividing  his  time  between  his  family, 
a  few  pupils,  and  some  researches  which  he  performed  at  the  laboratory 
of  the  E'cole  Normale, — a  laboratory  which  M.  Balard,  who  was  then 
Maitre  de  Conference,  had  placed  at  his  disposal. 

Being  actuated  by  great  delicacy  of  feeling,  Laurent  was  not  quite 
at  ease  in  a  laboratory  which  was  not  his  own.  He  was  afraid  of  being 
troublesome ;  and  in  order  to  occasion  as  little  expense  as  possible,  he 
made  choice  of  subjects  which  did  not  require  costly  materials  or  large 
and  expensive  apparatus.  In  this  manner  he  made  his  researches  on 
the   tungstates,    borates,  silicates,    double  cyanides,    &c. ;     looking 
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forward  to  the  time  when  he  might  be  able  to  get  a  laboratory  of  his 
own, — an  expectation  which  was,  however,  but  imperfectly  fulfilled. 
On  the  14th  of  May,  1848,  he  was  appointed  Assay er  to  the  Mint  : — 
an  appointment  which  did  not,  however,  furnish  him  with  a  laboratory ; 
but  it  fixed  his  position,  and  enabled  him  to  devote  a  certain  sum  to  his 
researches.  He  set  to  work  immediately,  and  installed  himself  in  a 
corner  of  the  Hotel  de  la  Monnaie,  in  a  kind  of  cellar,  dark,  damp, 
and  unhealthy,  where  he  resumed,  as  far  as  his  means  would  allow,  his 
former  activity  of  investigation.  There  he  passed  all  the  time  that  he 
could  spare  from  his  official  duties,  and  there,  unfortunately,  he  con- 
tracted the  malady  which  afterwards  consigned  him  to  the  grave. 

Two  years  were  thus  passed  in  the  laboratory, — two  years  well 
employed  for  science.  Engaged  on  nearly  all  subjects  of  organic 
chemistry,  and  in  analysing  the  most  complicated  mixtures,  Laurent 
yet  found  the  means  of  extending  his  hospitality  to  one  or  two  chemists 
who  had  no  laboratories,  and  furnishing  them  with  the  means  of 
working.  His  laboratory  was  the  rendezvous  of  a  great  number  of 
scientific  men;  there  was  no  lack  of  news  there;  and  Laurent  had 
every  day  some  new  result  to  announce,  or  some  new  idea  to  develope. 
Raw  materials  were  also  sent  to  him  from  all  sides  for  examination. 
Among  other  matters  of  this  kind,  mention  is  made  of  a  certain 
amorphous  precipitate,  which  no  one  was  able  to  recognise,  prepared 
by  a  chemist  who  refused  to  state  the  means  by  which  he  had  obtained 
it,  and,  moreover,  shrank  from  the  difficulty  of  obtaining  anything 
definite  from  it.  Laurent  was  totally  ignorant  of  its  origin, — but 
that  made  little  difference  to  him.  He  employed  his  usual  reagents, 
and  in  a  few  hours  succeeded  in  extracting  from  it  a  beautiful  yellow 
crystalline  substance  consisting  of  a  nitro-compound  of  the  phenyl 
series.  The  amorphous  precipitate  was  a  residue  obtained  by  treating 
coal-tar  naphtha  with  nitric  acid. 

Laurent  possessed  a  degree  of  analytical  tact  never  before  known  ; 
his  researches  on  napthalin,  indigo,  bitter-almond  oil,  &c.,  remain  as 
monuments  of  a  genius  for  investigation  which,  unfortunately,  will 
not  soon  be  equalled.  The  immense  number  of  new  compounds 
which  he  discovered — for  which,  indeed,  he  was  obliged  to  create  a 
new  nomenclature — were  prepared  with  the  aid  of  a  small  number  of 
reagents ;  and  the  merit  of  these  researches  is  further  increased  by 
the  consideration  that  they  were  not  merely  the  inspiration  of  an  active 
mind,  but  were  conceived  under  the  influence  of  a  fundamental  idea 
of  which  the  substitution-theory  is  one  of  the  consequences.  With 
chlorine,  nitric  acid,  ammonia,  sulphuric  acid,  and  potash,  Laurent 
produced  his  combinations  and  decompositions  ;  water,  alcohol,  ether, 
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and  the  goniometer,  served  him  for  the  recognition  and  isolation  of 
his  products.  He  was  the  first  to  employ  the  goniometer  as  a  re- 
agent, and  no  one  knew  better  how  to  manage  it.  He  had  learnt  the 
use  of  it  while  pursuing  his  studies  at  the  E'cole  des  Mines,  and  had 
early  recognised  its  utility  in  purely  chemical  investigations.  At  an 
early  period,  also,  he  had  laid  down  the  fundamental  proposition, 
that:  "Form  and  arrangement  may  be  as  important  as  composition,^^ — 
a  proposition  round  which  all  his  researches  may  be  said  to  gravi- 
tate. The  consequences  which  followed  from  it  are  well  known ;  their 
names  are  :  Theory  of  nuclei ;  theory  of  substitution ;  divisibility  of 
atoms ;  paramorphism  ;  hemimorphism ;  isomeromorphism  ;  multiple 
equivalents  ;  law  of  even  numbers,  &c. 

In  the  midst  of  these  brilliant  discoveries,  Laurent  devoted  himself 
to  his  work  with  daily-increasing  ardour,  each  laboratory-session 
yielding  its  contingent  of  new  results.  As  if  aware  of  the  premature 
end  which  awaited  him,  he  used  all  his  efforts  to  produce  and  to 
consolidate.  Happily  for  science,  but  unfortunately  for  his  family, 
this  preoccupation  of  his  mind  bore  sway  over  every  other  considera- 
tion, and  made  him  totally  negligent  of  the  material  side  of  life ;  as 
a  pioneer  of  the  future,  he  belonged  especially  to  humanity,  and 
devoted  himself  entirely  to  his  mission  as  one  who  thoroughly  appre- 
ciated it. 

This  feverish  existence  could  not  last  long.  For  some  time 
Laurent  had  suffered  from  an  affection  of  the  chest ;  and  the  phy- 
sicians, dreading  the  complications  which  afterwards  showed  them- 
selves, forbade  him  the  use  of  his  laboratory.  Being  thus  prevented 
from  pursuing  his  experimental  labours,  he  devoted  himself  more 
especially  to  critical  inquiries.  His  friends,  with  MM.  Biot  and 
Balard  at  the  head,  took  advantage  of  this  circumstance  to  suggest 
to  him  the  idea  of  collecting  his  ideas  and  theories  in  the  form  of 
a  systematic  work.  We  have  already  seen  that  Liebig  made  a 
similar  proposal  to  him  in  1844,  but  Laurent,  not  thinking  his  theory 
to  be  then  sufficiently  matured,  did  not  avail  himself  of  the  opportunity  ; 
— in  fact,  he  saw  too  many  voids  in  organic  chemistry  to  be  disposed  to 
hazard  a  definite  theory.  However,  the  materials  for  the  work  were 
now  prepared;  for  Laurent  had  been  for  many  years  in  the  habit  of 
carefully  registering  the  new  facts  of  chemical  science  as  they  came 
out.  These  records  were  of  the  greatest  utility  in  the  compilation  of 
his  book,  and  by  their  aid  he  was  enabled,  in  a  comparatively  short 
space  of  time,  to  compose  a  colossal  work,  the  full  scope  of  which  will 
be  seen  when  the  tables  which  he  has  annexed  to  the  treatise  at 
present  going  through  the  press,  are  published. 


156 

This  book  supplied  him  with  constant  occupation ;  as  long  as  he 
was  able  to  hold  a  pen,  he  worked  at  it  with  a  degree  of  vigour  and 
activity  which  excited  the  admiration  of  those  who  were  acquainted 
with  his  situation.  Laurent,  indeed,  had  never  deceived  himself 
about  the  fate  which  awaited  him ;  it  was  not  the  mere  prospect  of 
death  which  alarmed  him,  but  he  was  about  to  leave  a  wife  and  two 
children  in  a  state  of  destitution  ;  he  had  had  no  time  to  amass  wealth, 
nor  had  he  rendered  a  sufficient  amount  of  administrative  services  to 
hope  for  a  pension  for  his  widow.  These  harassing  thoughts  were 
not  of  a  nature  to  ameliorate  his  already  hopeless  state ;  and  those 
who  approached  his  bedside  during  his  intervals  of  delirium  could 
well  appreciate  the  poignant  grief  which  oppressed  the  dying  man. 

His  delirium,  however,  was  only  occasional,  and  he  retained  his 
reason  to  the  last  moment.  At  times,  indeed,  he  entertained  hopes 
of  improvement,  and  then  began  to  think  of  resuming  some  inves- 
tigation, verifying  some  fact,  or  examining  some  opinion  :  then,  as 
throughout  his  life,  ideas  flowed  rapidly  in  his  brain  ;  but  he  breathed 
painfully,  and  could  not  speak  without  the  greatest  difficulty.  It 
might  then  be  observed  that  he  endeavoured  to  include  the  greatest 
possible  meaning  in  the  fewest  words ;  but  his  sujQferings  increased, 
his  respiration  became  more  and  more  laborious,  and  he  was  even 
denied  the  consolation  of  making  known  his  dying  thoughts. 

Laurent  was  of  a  very  kind  and  obliging  disposition;  extremely 
indulgent  to  others ;  and  his  friendship  was  capable  of  standing  the 
severest  tests.  To  a  just  sentiment  of  his  own  dignity,  he  united 
great  firmness  in  his  convictions ;  his  mind  revolted  from  injustice ; 
and  he  was  always  ready  to  acknowledge  his  errors,  and  even  to  go 
over  to  the  side  of  his  adversary,  as  shown  especially  in  his  discussion 
with  Gerhardt,  in  1844,  on  the  constitution  of  draconic  acid,  &c.* 
He  was  one  of  those  persons  of  whom  it  may  be  said  that  they  improve 
upon  acquaintance.  Cold  and  reserved  at  first,  he  soon  became  con- 
fiding and  expansive,  and  removed  any  unfavourable  opinion  that 
might  have  been  formed  of  him  from  hearsay.  He  may  have  been 
envied,  but  he  had  no  enemies ;  he  sometimes  met  with  ingratitude, 
even  from  those  on  whom  he  had  conferred  the  greatest  benefits : — 
such  ingratitude,  in  fact,  embittered  his  last  moments.  Possessed  of 
great  sensibility,  he  felt  keenly  any  wound  inflicted  on  his  self-love, 
and  suffered  more  than  most  persons  when  he  found  himself  mis- 
understood. With  this  character  was  joined  a  defect  not  very  well 
calculated  to  diminish  the  annoyance  which  he  sufiered  from  such 

*  Vide  "  Liebig  et  la  Chimie." 
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causes; — like  Jean- Jacques  Rousseau^  he  fancied  he  had  more 
enemies  than  he  really  had. 

The  Council  would  have  heen  glad  to  have  had  it  in  their  power  to 
report  something  positive  to  the  Fellows  on  a  subject  of  much 
interest  to  this  as  well  as  to  other  Scientific  Societies  in  this 
Metropolis;  viz.  their  juxtaposition  in  some  central  position,  under 
one  roof,  and  free  of  cost.  Although  the  Council  cannot  state  that 
any  material  progress  has  been  made  in  the  settlement  of  this  ques- 
tion, which  the  disturbed  aspect  of  public  afi^irs  has  probably  assisted 
to  keep  somewhat  in  abeyance,  yet,  from  all  the  Council  have  been 
able  to  learn,  there  is  good  reason  to  hope  that  the  object  will  be 
eventually  attained,  and  a  building  allotted  in  a  situation  which  will 
satisfy  the  wants  of  the  different  Societies. 

The  following  is  a  list  of  the  papers  read  before  the  Chemical 
Society,  from  March  30,  1853,  to  March  30,  1854. 

1.  "  On  some  Compounds  of  Urea,  and  on  a  New  Method  for  the 
Determination  of  Chloride  of  Sodium  and  of  Urea  in  Urine  :"  b}'- 
Baron  Liebig. 

2.  '^  On  the  General  Distribution  of  Iodine  and  Bromine  'J'  by 
Stevenson  Macadam. 

3.  "  On  the  Solid  Compound  obtained  by  Distilling  Stearic  Acid 
with  Lime:^^  by  Thomas  H.  Rowney,  Ph.D. 

4.  ^^  On  Deposits  of  Soluble  or  Gelatinous  Silica  in  the  Lower 
Beds  of  the  Chalk  Formation  :^^  by  John  Thomas  Way. 

5.  "  On  a  Compound  Sulphate  of  Potash  and  Soda:^^  by  J.  H. 
Gladstone,  Ph.D. 

6.  "  Note  on  Thierschite  :'^  by  Baron  Liebig. 

7.  "  On  Kianurenic  Acid  :'^  by  Baron  Liebig. 

8.  ''  Analysis  of  the  Waters  from  the  Deep  Well  of  the  Westboume 
Waterworks  at  Westboume  Grove,  the  Well  in  Russell  Square,  and 
the  Artesian  Well  at  the  Hanwell  Lunatic  Asylum  :"  by  C.  Harwood 
Clarke,  M.A.  and  Henry  Medlock. 

9.  "  On  the  Increase  of  Weight  in  Molasses  Casks  which  occa- 
sionally arises  from  Endosmose  :"  by  William  Ferguson. 

10.  "  On  some  New  Basic  Products  obtained  from  Vegetable 
Alkaloids  :^'  by  Henry  How. 

11.  "  On  the  Contlitioning  of  Silk  .''  by  P.  J.  Chabot,  M.A. 

12.  "  On  a  New  Method  of  Estimating  the  Strength  of  Chloride 
of  Lime:''  by  Astley  P.  Price,  Ph.D. 

13.  ^'  On  a  Gas  Furnace  for  Organic  Analysis  :''  by  Dr.  Hofmann. 
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14.  "  On  the  Constitution  of  Salts  considered  as  Substitution- 
products  formed  on  the  Type  of  Water  :''  by  Dr.  Od ling. 

15.  "On  New  Methods  for  the  Determination  of  Nitrogen  in 
Organic  and  Inorganic  Compounds :'''  by  Dr.  Maxwell   Simpson. 

16.  "  On  Ethers  intermediate  between  the  (Enanthylic  and  the 
Ethylic,  Methylic,  and  the  Amylic  Series  :''  by  A.  W.  Wills. 

17.  "  Analysis  of  the  Ash  of  Lemon  Juice :"  by  Henry  M.  Witt. 

18.  "  On  the  Platino-tersulphocyanides  and  the  Platino-bisul- 
phocyanides,  two  new  Series  of  Salts,  and  their  Decompositions  'P 
by  George  Bowdler  Buckton,  F.L.S. 

19.  "  Note  on  the  Valuation  of  Protochloride  of  Tin :''  by  Dr. 
Penny. 

20.  "  Note  on  Platinum  accompanying  Silver  in  Solution  in  Nitric 
Acid  :''  by  Henry  How. 

21.  "On  the  so-called  Iodide  and  Chloride  of  Nitrogen:"  by 
J.  H.  Gladstone,  Ph.D. 

22.  "On  some  New  Compounds  of  Salicyl :"  by  Charles 
Gerhardt. 

23.  "  On  Bed  Prussiate  of  Potash  :''  by  William  Wallace. 

24.  "  On  the  Existence  of  Trimethylamine  in  the  Brine  of  Salted 
Herrings  :''  by  G.  H.  Winkles. 

25.  "  On  the  Action  of  Iodide  of  Ethyl  on  Toluidine  P  by  Begin  aid 
J.  Morley  and  John  Abel. 

26.  "  Critical  Observations  on  Williamson's  Theory  of  Water, 
Ethers,  and  Acids  :"  by  H.  Kolbe. 

27.  "  Beply  to  the  foregoing  Paper  :"  by  Dr.  Williamson. 

If,  with  the  view  of  ascertaining  to  what  branch  of  chemical  science 
the  labours  of  this  Society  have  most  contributed  during  the  past 
year,  we  attempt  to  classify  these  papers  according  to  the  method 
adopted  in  Liebig's  Annual  Beport,  we  find  ten  are  devoted  to 
general  and  inorganic  chemistry,  seven  to  organic  chemistry,  six  to 
analytical  processes  and  apparatus,  two  to  technical,  one  to  minera- 
logical,  and  one  to  geological  chemistry. 

In  order  to  meet  the  feelings  of  many  Pellows  of  the  Society,  to 
the  effect  that  it  was  desirable  to  introduce  into  our  meetings  a  little 
more  life  and  general  interest  than  could  be  elicited  by  the  reading  of 
the  original  communications  addressed  to  the  Society,  the  Council 
passed  the  following  Besolution  in  June  last : — 

"  In  order  to  increase  the  interest  of  the  Meetings  of  the  Society, 
certain  Meetings,  not  exceeding  five  in   the  year,  shall,   after  the 
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transaction  of  the  ordinary  business  of  the  Society,  be  devoted  to  the 
delivery  of  discourses  on  matters  connected  with  the  progress  of 
Chemistry,  and  which  may  be  illustrated  by  experiment. 

^^  It  is  not  proposed  that  these  discourses  shall  be  published  in  the 
Journal ;  but  where  new  matter,  either  theoretical  or  experimental,  is 
contained  in  them,  such  matter  may,  with  the  consent  of  the  Council, 
be  published  in  the  form  of  an  abstract  or  paper. 

"  It  is  proposed  that  after  the  discourse  discussion  shall  be  invited, 
and  in  cases  in  which  the  matter  of  the  discourse  is  published  in  the 
Journal,  explanations  and  remarks  upon  it,  offered  in  discussion,  may, 
with  the  consent  of  the  Council,  be  appended/^ 

This  Resolution  has  as  yet  been  carried  into  effect  in  one  instance 
only,  when  the  Society  was  indebted  to  Professor  Graham  for 
an  able  and  elaborate  discourse  on  *'  the  Liquid  Condition  of  Matter." 
This  was  followed  by  an  interesting  discussion,  in  which  several 
eminent  Fellows  of  the  Society  took  a  part.  Judging,  then,  from  the 
result  of  this  trial,  the  Council  are  justified  in  anticipating  that  the 
plan  will  realize  their  hopes ;  but  the  Council  are  desirous  of  impress- 
ing on  the  Fellows  their  opinion  that  the  character  and  position  of 
the  Society  must  mainly  depend  on  the  value  of  the  original  com- 
munications which  may  be  published  in  the  Journal  of  the  Society. 

It  will  no  doubt  be  a  matter  of  interest  to  the  Fellows  of  this  as 
well  as  of  other  Societies  cultivating  physical  science,  to  learn  that  the 
Royal  Society  purposes  an  important  alteration  in  the  manner  and 
nature  of  the  publication  of  their  Proceedings. 

The  Royal  Society  proposes  to  publish  these  Proceedings  once  a 
month  during  the  session ;  to  send  them  free  to  all  Fellows,  and  to 
other  persons  on  the  payment  of  an  annual  subscription  of  five 
shillings ;  and  they  propose,  in  addition  to  the  matter  heretofore 
published  in  the  Proceedings,  to  give,  among  other  things,  readable 
abstracts  of  papers  which  are  to  be,  or  which  have  been  presented  to 
other  Societies,  but  not  yet  read,  when  comnuinicated  as  usual 
through  Fellows  of  the  Royal  Society. 

The  design  of  the  Royal  Society  includes  some  other  particulars ; 
and  if  carried  out,  it  will  render  the  Proceedings  of  the  Royal  Society 
the  compte-rendu  of  all  the  work  done  in  physical  and  natural  science 
throughout  the  country. 
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NOTICES 

OF 

PAPERS    CONTAINED    IN    OTHER    JOURNALS. 
By  Henry  Watts,  B.A.,  F.C.S. 


Chemical  Analysis  of  the   Mineral  Waters  of  Harrogate. 
By  A.   W.   Hofmann. 

REPORT  ADDRESSED  TO  THE  CHAIRMAN  OF  THE  WATER  COMMITTEE  IN  HARROGATE. 

Of  the  mineral  springs  which  abound  in  the  neighbourhood  of 
Harrogate,  the  following  ten  were  selected  for  examination,  represent- 
ing the  principal  varieties  occurring  in  that  locality. 

A.    SULPHUR  WATERS. 

1.  Old  Sulphur  Well. 

2.  Montpellier  Strong  Sulphur  Well. 

3.  Montpellier  Mild  Sulphur  Well. 

4.  Hospital  Strong  Sulphur  Spring. 

5.  Hospital  Mild  Sulphur  Spring. 

6.  Starbeck  Sulphur  Spa. 

B.    CHALYBEATE  WATERS. 

1.  Montpellier  Saline  Chalybeate. 

2.  Cheltenham  Saline  Chalybeate. 
8.  Tewitf  s  Well. 

4.  St.  John's  Well. 

The  waters  used  for  the  estimation  of  the  solid  constituents  were 
collected  during  the  months  of  May  1853  and  1854;  the  gases, 
partly  in  November  1853,  partly  in  February  1854. 

Qualitative  analysis,  performed  in  the  usual  manner,  exhibited  the 
presence  of  the  following  substances : — 

BASES.  ACIDS, 

OR  ELEMENTS  REPLACING  THEM. 

Potassa  Chlorine 

Soda  Bromine 

Lime  Iodine 

Magnesia  Fluorine 

Protoxide  of  iron  Sulphur 

Protoxide  of  manganese  Sulphuric  acid 

Alumina  Carbonic  acid 

Ammonia  Silicic  acid 
Organic  matter. 
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GASES  DISSOLVED  IN  THE  AVATEllS,  OR  RISING  IN  BUBBLES  FROM  THE  WATERS. 

Oxygen 

Nitrogen 

Carbonic  acid 

Carbonetted  hydrogen  (marsh  gas) 

Sulphuretted  hydrogen 

These  are,  with  the  exception  of  fluorine  and  manganese,  the  same 
constituents,  the  existence  of  which,  in  the  Harrogate  waters,  has  been 
pointed  out  by  Mr.  West.  Iodine  and  bromine  have  been  traced  by 
the  same  chemist  in  the  Old  Sulphur  Well ;  these  elements  a-re, 
however,  present  in  nearly  all  the  waters. 

If  the  above-mentioned  constituents  be  arranged  according  to  the 
solubility  of  their  compounds  either  in  pure  water,  or  in  water  con- 
taining free  carbonic  acid  in  solution,  it  may  be  assumed  that  the 
Harrogate  waters  contain 

a.   COMPOUNDS  h.  COMPOUNDS 

SOLUBLE  IN  WATER.  SOLUBLE  IN  WATER  CONTAINING 

FREE  CARBONIC  ACID. 

Sulphate  of  lime  Carbonate  of  lime 

.      Fluoride  of  calcium  Carbonate  of  magnesia 

Chloride  of  calcium  Carbonate  of  iron 

■      Chloride  of  magnesium  Carbonate  of  manganese 

Chloride  of  potassium  Alumina. 

Chloride  of  sodium 
Sulphide  of  sodium 
Iodide  of  sodium 
Bromide  of  sodium 
Carbonate  of  soda 
Carbonate  of  potassa 
Silica 
Ammonia. 

The  method  of  quantitative  analysis  which  was  followed,  requires 
scarcely  any  special  notice,  since  it  differed  in  no  essential  point  from 
that  usually  adopted  for  this  purpose.  Chlorine  and  sulphuric  acid 
were  determined  in  separate  quantities  of  the  water  by  means  of  nitrate 
of  silver  and  chloride  of  barium ;  lime  and  magnesia  together  in  the 
same  portion  of  water  respectively  by  oxalate  of  ammonia,  and  am- 
monio-phosphate  of  soda.  The  silica  was  estimated  by  evaporating  a 
separate  portion,  and  treating  the  residue  with  hydrochloric  acid ; 
the  alkalies,  by  precipitating  iron,  lime,  and  magnesia,  by  baryta- 
water,  repeatedly  evaporating  to  dryness  in  order  to  remove  small 
quantities  of  baryta  from  the  solution,  and  w^eighing  the  mixed 
chlorides ;  the  separation  of  the  alkalies  was  effected  in  most  cases 
by  bichloride  of  platinum,  in  some  cases  their  relative  proportion  was 
determined  by  the  indirect  process.  The  iron  had  been  partly 
deposited  from  some  of  the  waters  by  the  time  they  arrived  in 
London  ;  it  was,  therefore,  precipitated  in  a  special  experiment  at  the 
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well  by  means  of  sulphide  of  ammonium  from  pretty  large  quantities 
of  the  waters^  and  ultimately  weighed  as  sesquicxide.  Lastly,  the 
total  amount  of  solid  residue  was  obtained  by  evaporating  the  water, 
to  which  a  weighed  quantity  of  carbonate  of  soda  had  been  added, 
and  carefully  drying  at  a  temperature  of  from  248"  to  266°  F. 
(120°  to  130°  C.) ;  exposure  of  this  residue  to  a  low  red  heat  in  con- 
tact with  the  air  gave  the  amount  of  organic  matter. 

Bromine  and  Iodine. — Bromide  and  iodide  of  sodium,  although 
present  in  quantities  so  small  as  to  be  incapable  of  being  quantita- 
tively determined  with  accuracy,  were  easily  detected  in  most  of  the 
waters  :  from  1000  to  1 500  grains  of  the  solid  residue  obtained  on 
evaporation  were  exhausted  with  water,  the  solution  evaporated,  and 
the  residue  boiled  out  with  spirits  of  wine ;  the  extract  left  on  evapo- 
ration was  again  exhausted  with  stronger  alcohol.  In  the  residue 
left  on  evaporating  this  extract,  both  bromine  and  iodine  were  gene- 
rally traced  without  any  difficulty ;  in  some  cases,  however,  the  treat- 
ment with  alcohol  had  to  be  repeated.  The  bromine  was  detected 
by  dissolving  the  residue,  left  on  distilling  off  the  alcohol,  in  a  small 
quantity  of  water,  decomposing  the  bromide  by  chlorine-water,  and 
taking  up  the  liberated  bromine  in  a  small  quantity  of  ether,  with 
which  the  liquid  was  agitated :  the  yellow  colour  which  the  ether 
assumed  indicated  the  bromine.  In  order  to  trace  the  iodine,  a 
portion  of  the  same  residue  was  dissolved  in  a  small  quantity  of 
water,  mixed  with  starch  paste,  and  evaporated  to  dryness  in  a 
porcelain  capsule,  at  a  gentle  heat;  on  adding  a  drop  of  concen- 
trated nitric  acid  to  the  mixture,  the  blue  colour  of  the  compound  of 
starch  and  iodine  made  its  appearance ;  in  the  presence  of  a  bromide, 
the  starch,  where  it  came  in  contact  with  the  liquid  nitric  acid, 
assumed  a  deep  orange-yellow  colour,  and  the  colour  of  the  iodine- 
compound  appeared  distinctly  in  those  parts  of  the  saline  residue 
which  were  exposed  only  to  the  vapour  of  the  bromine  and  the  nitric 
acid :  in  this  manner  both  elements  could  be  readily  detected  in  the 
same  experiment. 

The  quantities  of  bromine  and  iodine  appear  to  vary  in  the  several 
waters,  but  I  am  unable  to  make  a  positive  statement  as  to  this  fact, 
inasmuch  as  the  different  quantities  of  saline  residue  left  on  the  evapo- 
ration of  equal  amounts  of  water  compelled  me  to  use  very  unequal 
portions  for  the  purpose  of  testing  for  bromine  and  iodine.  The 
quantities  of  saline  residue  actually  employed  were  1500  grains  in 
the  case  of  the  Old  Sulphur  Well,  the  Hospital  Strong  Sulphur  Spring, 
the  Montpellier  Saline  Chalybeate,  and  the  Cheltenham  Saline  Chaly- 
beate Wells ;  750  grains  of  that  of  the  Montpellier  Mild  Sulphur  Well; 
and  500  grains  in  the  case  of  the  Montpellier  Strong  Sulphur  Well, 
the  Hospital  Mild  Sulphur  Spring,  and  the  Starbeck  Sulphur  Spa ;  and 
lastly,  100  grains  of  the  Tewitt's  Well  residue. 

Fluorine. — The  fluorine  had  to  be  sought  for  in  the  insoluble  portion 
of  the  saline  residue  of  the  waters.     This  residue  was  tested  by  Dr. 
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G.  Wilson's  excellent  process.  From  400  to  GOO  grains  of  the 
residue,  consisting  chiefly  of  calcareous  and  magnesian  salts,  were 
mixed  with  a  small  quantity  of  pure  finely- divided  quartz,  and  boiled 
for  about  an  hour  with  concentrated  sulphuric  acid.  The  terfluoride 
of  sihcium  disengaged  in  this  manner  was  passed  into  w^ater,  the  re- 
sulting hydrofluosilicic  acid  decomposed  by  ammonia,  and  the  fluoride 
of  ammonium,  after  separation  of  the  silica  by  filtration,  evaporated ; 
gently  heated  with  concentrated  sulphuric  acid  in  a  platinum  crucible, 
this  residue  disengaged  hydrofluoric  acid,  which  was  recognised  by 
its  action  upon  glass.  In  the  examination  of  several  of  the  waters 
which  had  deposited  rather  a  large  quantity  of  insoluble  matter,  the 
presence  of  fluorine  became  at  once  perceptible  on  passing  into  water 
the  gas  evolved  by  boiling,  with  concentrated  sulphuric  acid,  a  mixture 
of  the  residue  and  quartz  :  a  flocculent  precipitate  of  silica  was  thrown 
down,  which  was  considerably  augmented  on  addition  of  ammonia. 
In  those  cases  the  etching  was  very  rapidly  efi'ected,  and  to  a  con- 
siderable depth  ;  in  other  cases,  however,  the  separation  of  silica  was 
scarcely  perceptible,  and  the  etching  very  faint.  In  some  cases  the 
etched  lines  became  visible  only  in  the  film  of  moisture  produced  by 
breathing  upon  the  glass  plates.  In  none  of  the  waters  was  found  a 
sufficient  amount  of  fluorine  to  admit  of  quantitative  estimation. 

Manganese. — Of  all  the  methods  suggested  for  the  detection  of 
small  quantities  of  manganese,  none  yields  more  accurate  results  than 
the  one  discovered  some  years  ago  by  Mr.  Walter  Crum.  It  con- 
sists in  treating  the  iron  precipitate  which  may  contain  the  manganese 
with  nitric  acid,  and  adding  a  small  quantity  of  binoxide  of  lead.  If 
manganese  be  present,  the  liquid  exhibits,  as  soon  as  the  precipitate 
has  subsided,  the  magnificent  colour  of  permanganic  acid.  By  applying 
this  method  to  the  insoluble  portion  of  the  saline  residue,  the  presence 
of  manganese  in  the  Harrogate  waters  could  be  proved  without  diffi- 
culty, but  the  amount  was  not  sufficient  for  quantitative  determination. 

Ammonia,  which  could  be  detected  in  all  the  waters,  if  consider- 
able quantities  were  evaporated,  with  a  few  drops  of  hydrochloric  acid 
on  mixing  the  residue  with  recently-slaked  lime,  was  likewise  present 
in  such  a  minute  proportion  that  quantitative  determination  became 
impossible. 

Alumina  was  detected  only  in  one  case  by  means  of  the  blow-pipe 
reaction  with  nitrate  of  cobalt,  after  separation  of  silica  and  iron,  and 
in  this  case  not  more  than  a  mere  trace  was  found. 

All  the  waters  were  very  carefully  examined  for  arserdc,  antimony, 
and  tinj  which  have  been  found  of  late  in  so  many  mineral  springs. 
But  although  large  quantities  of  the  solid  residue  obtained  by  evapo- 
ration were  submitted  to  analysis,  no  trace  of  these  metals  could  be 
detected. 

Not  more  successful  was  the  attempt  to  trace  the  presence  of 
uiiric  and  phosphoric  acidsj  or  of  lithia  and  stroatia,  in  the  Harrogate 
waters. 
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The  nitric  acid  was  tested  for  by  means  of  sulphuric  acid  and 
sulphate  of  iron  in  the  residue  of  a  large  quantity  of  water,  evapo- 
rated with  a  few  grains  of  carbonate  of  soda.  Phosphoric  acid  had 
to  be  looked  for  both  in  the  soluble  and  insoluble  part  of  the  solid 
residue  obtained  by  evaporating  the  water.  Both  were  carefully 
tested  by  means  of  molybdate  of  ammonia,  the  insoluble  portion  after 
the  removal  of  the  iron. 

In  order  to  find  lithia,  the  solid  residue  of  the  waters  (the  experi- 
ment was  made  with  the  following  three  waters,  viz. :  the  Old  Sulphur 
Well,  the  Hospital  Strong  Sulphur  Spring,  and  the  Cheltenham 
Saline  Chalybeate)  was  repeatedly  boiled  out  with  water,  the  solution 
neutralised  with  a  few  drops  of  hydrochloric  acid,  evaporated  to 
dryness,  and  the  residue  exhausted  with  alcohol.  The  saline  residue 
obtained  by  distilling  off  the  alcohol  was  then  treated  with  a  mix- 
ture of  alcohol  and  ether.  The  solution  thus  formed  neither  exhibited 
the  crimson-red  lithia-flame  when  lighted,  nor  was  it  possible  to 
obtain  from  it  the  difficultly-soluble  double  salt  of  phosphate  of  soda 
and  lithia. 

Strontia,  when  existing  in  the  waters,  was  probably  present  in  the 
form  of  sulphate,  and  had  therefore  to  be  sought  for  principally 
in  the  insoluble  portion  of  the  saline  residue.  According  to  recent 
observations,  however,  sulphate  of  strontia  is  slightly  soluble  in  water 
containing  a  considerable  quantity  of  chlorides.  In  order,  there- 
fore, not  to  lose  any  strontia,  the  whole  saline  residue  was  submitted 
to  the  action  of  sulphuric  acid,  the  excess  of  this  acid  expelled  by 
ignition,  and  the  residue  of  sulphates  exhausted  first  by  water  and 
then  by  hydrochloric  acid.  The  residue,  consisting  chiefly  of  silica, 
was  fused  with  carbonate  of  soda,  the  product  of  the  fusion  exhausted 
with  water,  and  the  insoluble  residue  which  was  left,  dissolved  in 
hydrochloric  acid.  Addition  of  sulphate  of  lime  to  this  solution, 
produced  the  faintest  turbidity,  which  may  have  been  occasioned  by 
strontia.  But  unless  the  experiment  be  repeated  on  a  very  large 
scale,  it  would  be  hazardous  to  assert  the  presence  of  strontia.  The 
experiment  was  made  with  the  residue  of  the  Old  Sulphur  Well, 
which  contains  a  very  large  amount  of  saline  matter. 

In  collecting  and  analysing  the  Gases  contained  in  the  Harrogate 
waters,  I  have  availed  myself  of  the  processes  invented  by  Professor 
Bun  sen,  and  so  remarkably  perfected  within  the  last  few  years  by 
his  admirable  researches.  Since  these  processes,  especially  those  of 
collecting  the  gases,  differ  from  the  methods  formerly  adopted  for 
this  purpose,  and  since  any  accurate  information  regarding  the  nature 
of  the  gases,  however  precise  our  methods  of  analysis  may  be,  depends, 
in  the  first  place,  on  the  means  we  employ  for  collecting  and  mea- 
suring their  total  amount,  I  will  briefly  describe  here  the  principal 
features  of  Bunsen^s  process,  which  consists  in  expelling  the  gases 
by  ebullition  in  vacuo. 


166 


DR.  HOFMANN  ON  THE  CHEMICAL  ANALYSIS  OF 


For  this  purpose  a  globular  glass  flask,  over  the  neck  of  which  is 
fitted  a  strong  vulcanised  caoutchouc  tube,  {see  Fig.  1),  is  immersed 
in  the  water  nntil  it  is  filled,  and  the  tube  is  then  closed  by  means 
3f  a  brass  screw-clamp,  which  is  screwed  immediately  above  the  neck 
jf  the  flask. 

In  this  manner  a  quantity  of  water  is  secured  which  has  not  been 
m  contact  with  the  air,  and  the  exact  volume  of  which  may  be  readily 


determined  by  experiment.  The  caoutchouc  tube  is  then  connected 
with  a  small  glass  globe  partially  filled  with  water,  and  provided  with 
two  necks  opposite  each  other,  the  one  corresponding  in  diameter  to 
the  neck  of  the  flask,  the  other  of  the  size  of  an  ordinary  quill  pen. 
By  the  latter,  the  globular  vessel,  which  for  the  sake  of  shortness  I 
will  call  the  '^  boiler-globe,^^  may  be  connected  with  a  glass  tube 
about  10  inches  long,  and  j  of  an  inch  wide,  and  terminating  on 
each  side  in  a  narrow  open  connecting  tube,  corresponding  in  width 
to  the  narrow  tube  of  the  boiler-globe.  The  connection  of  the  latter 
and  the  tube,  which  may  be  termed  the  "  gas  receiver,"  is  effected  by 
means  of  a  caoutchouc  tube  just  sufficiently  long  to  admit  between  the 
two  glass  tubes,  which  are  fixed  into  its  ends,  the  application  of  a 
small  brass  screw-clamp,  by  means  of  which  arrangement  communica- 
tion between  the  two  vessels  may  be  established  or  interrupted.  In  a 
perfectly  similar  manner,  the  other  extremity  of  the  gas-receiver  is 
connected  with  an  ordinary  delivery  tube  which  discharges  into 
water. 

Fig.  2  represents  the  apparatus  fitted  up,  and  fixed  upon  an 
ordinary  gas-stand.  The  water-flask  is  closed  with  a  screw-clamp, 
but  the  communication  between  the  boiler-globe,  gas-receiver,  and 
delivery-tube,  is  perfectly  free.  The  water  in  the  boiler- globe  is 
neated  to  ebullition  by  means  of  a  spirit-lamp,  and  kept  boiling  for 
about  a  quarter  of  an  hour,  by  which  time  all  the  air  in  the  apparatus 
is  perfectly  replaced  by  steam,  which  may  be  ascertained,  moreover,  by 
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not  a  trace  of  air  collecting  if  the  delivery-tube  be  made  to  discharge 
for  a  few  minutes  under  an  inverted  bell-jar,  filled  with  water.  The 
caoutchouc  tube^  at  the  upper  end  of  the  gas-receiver,  is  now  closed 
by  a  brass  clamp,  and  the  spirit-lamp  simultaneously  removed,  when 
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the  ebullition  in  vacuo  will  continue  for  a  considerable  time.  The 
boiling-out  of  the  water  in  the  flask  may  now  commence.  For  this 
purpose  the  brass  clamp  is  removed,  and  the  flask  submitted  to  a 
gradually  increasing  heat.  Air-bubbles  soon  make  their  appearance, 
but  a  quarter  of  an  hour  generally  elapses  before  the  caoutchouc  tube, 
which  is  collapsed  and  almost  flattened  by  the  atmospheric  pressure, 
is  sufficiently  expanded  to  admit  of  a  free  communication  between  the 
flask  and  the  upper  part  of  the  apparatus.  The  water  gradually 
enters  into  violent  ebullition,  in  which  state  it  is  kept  for  about  an 
hour,  so  as  to  ensure  the  complete  expulsion  of  every  trace  of  gas. 
When  this  point  kas  been  reached,  the  heat  is  increased  for  a  moment, 
and  a  good  deal  of  steam  is  generated  in  the  flask,  which  causes  the 
water  gradually  to  rise  from  the  boiler-globe  into  the  narrow  end  of 
the  gas-receiver.  At  this  moment,  the  flask  is  closed  with  the  clamp, 
and  the  source  of  heat  removed ;  the  water  in  the  boiler-globe  begins 
to  cool,  gradually  contracts,  and  descends  in  the  narrow  tube  of  the  gas- 
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receiver ;  the  very  moment  its  level  disappears  under  the  caoutchouc 
connector,  the  clamp  between  the  boiler-globe  and  gas-receiver  is 
fastened,  and  the  whole  apparatus  disconnected.  The  gas-receiver 
closed  at  both  its  extremities  by  caoutchouc  contains  the  whole  of  the 
gas,  together  with  a  few  drops  of  water :  the  volume  of  the  gas  may 
be  readily  measured  by  opening  one  of  the  clamps  under  mercury, 
and  allowing  the  metal  to  enter  the  gas-receiver,  until  it  stands  at  the 
same  level  within  and  without  the  tube ;  the  clamp  is  then  secured 
again,  and  the  mercury  transferred  into  a  graduated  cylinder.  The 
difference  between  the  volume  of  mercury,  and  the  known  capacity  of 
the  gas-receiver,  represents  the  volume  of  gas  at  the  existing  baro- 
metric pressure  and  temperature. 

The  only  conditions  necessary  for  the  success  of  this  apparently 
complicated  process,  are  a  sufficiently  long  ebullition,  and  a  proper 
proportion  in  the  capacities  of  the  water-flask  and  gas-receiver,  which 
can  only  be  attained  by  a  few  preliminary  operations.  The  capacity 
of  the  gas-receiver  must  be  greater  than  the  volume  of  the  gas  in  the 
water-flask,  when  measured  under  the  ordinary  pressure  of  the  atmo- 
sphere. If  the  volume  of  the  gas  were  greater,  the  gas-receiver  or  the 
caoutchouc  connector  might  burst,  and  if  they  actually  withstood  the 
outward  pressure,  a  certain  quantity  of  gas  would  be  lost  on  opening 
the  clamp  under  mercury. 

The  same  apparatus  might  be  used  for  collecting  the  gas  intended 

Fig.  3. 


for  analysis ;  but  unless  the  gas  can  be  transferred  at  once  into  the 
eudiometer,  it  is  better  to  construct  the  boiler-globe  and  gas-receiver 
of  one  piece  of  glass,  and  to  have  the  ends  of  the  receiver  so  far 
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drawn  out  that  they  may  be  sealed  by  means  of  a  blow-pipe  jet. 
This  tube,  in  the  moment  before  sealing  it,  is  represented  in  Fig.  3, 
which  requires  no  further  explanation. 

The  above  process  furnishes  the  gases  which  are  dissolved  in  the 
water.  The  gases,  however,  which  rise  in  bubbles  from  several  of 
the  waters,  were  collected  in  a  small  glass  receiver  constricted  at  one 
point  to  facilitate  the  subsequent  sealing.  This  receiver  is  supported 
by  an  iron  tripod,  and  fixed  by  means  of  a  strong  caoutchouc  con- 
nector into  a  large  perforated  wooden  float,  the  lower  surface  of 
which  is  hollowed  out  so  as  to  collect  the  gas-bubbles,  and  cause 
them  to  ascend  into  the  receiver,  which  is  tilled  with  water  at  the 
commencement  of  the  operation.  As  soon  as  the  receiver  is  filled, 
the  caoutchouc  connector  is  closed  by  means  of  a  screw-clamp,  the 
receiver  disconnected  and  sealed  before  the  blow-pipe. 

Qualitative  analysis,  as  has  been  stated,  showed  the  gases  to 
consist  of  oxygen,  nitrogen,  carbonic  acid,  light  carbonetted  hydrogen 
(marsh  gas),  and  in  several  cases  of  sulphuretted  hydrogen.     Besides 
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these  gases,  in  one  or  two  cases  minute  traces  of  another  hydrocarbon 
were  observed,  the  presence  of  which  was  indicated  by  the  peculiar 
smell  of  the  gas. 

The  analysis  was  performed  in  the  Volta-eudiometer,  graduated  and 
calibrated  according  to  Bunsen^s  method. 

After  the  removal  of  carbonic  and  hydrosulphuric  acids  by  means 
of  potash-balls,  the  carbonetted  hydrogen  was  exploded  with  a  known 
volume  of  oxygen,  and  estimated  from  the  volume  of  carbonic  acid 
produced  after  explosion.     The  subsequent  explosion,  with  a  know^n 
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volume  of  hydrogen,  of  the  residue,  freed  from  carbonic  acid  by 
means  of  a  potash-ball,  showed  the  presence  and  indicated  the 
quantity  of  oxygen.     The  nitrogen  was  determined  by  difference. 

The  amount  of  sulphuretted  hydrogen  in  the  gases  was  determined 
by  a  graduated  solution  of  iodine  in  iodide  of  potassium,  added  from 
a  burette  to  a  solution  of  the  potash-ball  (which  had  served  for  the 
absorption  of  this  gas  and  of  the  carbonic  acid)  in  water  acidulated 
with  acetic  acid. 

The  total  quantity  of  sulphuretted  hydrogen  which  is  present  in 
the  gas  is  never  obtained  by  ebulhtion ;  for,  in  the  first  place,  a  certain 
quantity  is  destroyed  by  the  air  which  is  in  contact  with  the  water ; 
and  secondly,  because  a  certain  quantity  is  present  in  the  form  of 
sulphide  of  sodium  which  is  but  imperfectly  decomposed  by  the 
ebullition  of  the  water.  On  this  account,  the  total  amount  of  sulphu- 
retted hydrogen  was  also  separately  determined  at  the  well,  by  means 
of  the  graduated  solution  of  iodine  in  iodide  of  potassium  which 
has  been  already  mentioned.  This  method,  originally  proposed  by 
Dupasquier,  and  lately  improved  and  expanded  by  Bunsen,  is 
equally  remarkable  for  its  precision,  and  the  rapidity  of  its  execution. 

All  the  determinations  of  sulphuretted  hydrogen  were  made  in  the 
middle  of  February,  1854,  and  I  mention  this  particularly  since  the 
amount  of  this  compound  appears  to  be  subject  to  considerable 
variation.  My  attention  was  first  directed  to  this  subject  by  Dr. 
Bennett,  whose  valuable  researches  leave  no  doubt  in  this  respect.* 
Dr.  Bennett  has  had  the  kindness  to  repeat,  with  the  same  burette 
and  the  same  standard  solution  which  I  had  myself  employed,  the 
sulphuretted  hydrogen  determinations  in  some  of  the  waters,  after 
the  lapse  of  several  months,  when  considerable  variations  became 
manifest  (see  Old  Sulphur  Well,  and  Hospital  Mild  Sulphur  Spring). 
These  changes  may  be  partly  due  to  influences  which  affect  the  strata 
from  which  these  waters  emanate ;  to  a  great  extent,  however,  they 
must  be  ascribed  to  the  action  of  the  atmosphere.  It  is  well  known 
how  readily  sulphuretted  hydrogen  is  oxidised,  and  that  the  greatest 
care  must  be  taken  to  protect  the  sulphur  waters  from  contact  with 
the  air,  especially  if  they  are  to  be  stored  for  any  length  of  time. 

The  sulphuretted  hydrogen  exists  in  the  Harrogate  waters,  partly 
free,  partly  in  combination  with  metallic  oxides.  Only  a  portion  can 
be  expelled  by  boiling.  We  have  not  at  present  sufficient  data  to 
calculate  with  any  degree  of  certainty  the  amount  of  sulphuretted 
hydrogen  which  is  free,  and  that  which  is  combined ;  and  I  have, 
therefore,  introduced  into  the  report  the  whole  quantity  in  the  form 
of  sulphide  of  sodium,  the  total  amount  of  sulphuretted  hydrogen 
gas  being  moreover  expressed  in  cubic  inches. 

The  following  Tables  exhibit  the  results  of  the  analyses,  synoptically 
arranged : — 

*  Report  on  the  Sulphur  Springs  of  Harrogate,  for  the  years  IS  LI  and  1842.  London, 
1843. 
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I. 

II. 

III. 

IV. 

V. 

VI. 

Old  Sulphur 
Well. 

Montpellier 

Montpellier 

Hospital 

Hospital 

Starbeck 

Strong  Sul- 
phur Well. 

Mild  Sul- 

Strong Sul- 

Mild Sul- 

Sulphur 

phur  Well. 

phur  Spring. 

phur  Spring. 

Spa. 

Sulphate  of  lime     . 

0-0258 

0-0084 

0-1723 

0-0734 

00173 

00123 

Carbonate  of  lime  . 

0-1747 

0-3419 

0-2913 

0  3630 

0-2820 

0-0992 

Fluoride  of  calcium 

trace 

trace 

trace 

trace 

trace 

faint  trace 

Chloride  of  calcium 

1-1548 

0-8753 

— 

— 

— 

Chloride  of  magne- 

sium  

0-7866 

0-7729 

0-2447 

0-1648 

0-0048 

Carbonate  of  mag- 

nesia    .... 



— 

0-0463 

0-0824 

0-1469 

0-0768 

Chloride  of  potassium 

0-9141 

00813 

0-0566 

0-1527 

0-3557 

Carbonate  of  pot'ssa 

— 

— 

— 

— 

— 

01740 

Chloride  of  sodium 

12-2378 

11-3542 

3-3098 

5-2446 

3-1435 

1-7368 

Bromide  of  sodium 

trace 

trace 

trace 

trace 

trace 

trace 

Iodide  of  sodium     . 

trace 

trace 

trace 

trace 

trace 

trace 

Sulphide  of  sodium 

0-2187 

0-2038 

0-0484 

0-1017 

00043 

0-0244 

Carbonate  of  soda  . 

— 

— 

— 

— 

0-0732 

Ammonia.     .     .     . 

trace 

trace 

trace 

trace 

trace 

trace 

Carbonate  of  iron  . 

trace 

trace 

trace 

•0150 

trace 

trace 

Carbonate  of  manga- 

nese   

trace 

trace 

trace 

trace 

trace 

trace 

Silica 

0-0034 

0-0261 

0-0024 

0-0075 

0-0212 

00250 

Organic  matter  .     . 

trace 

trace 

trace 

0-0180 

tra(5e 

0-0248 

Total    ..... 

15-5159 

13-6639 

41718 

6-2231 

3-9757 

2-2465 

Total    residue    (by 

experiment)    .     . 

15-4780 

13-5581 

4-1029 

6-2589 

38935 

2-2638 

GRAINS  OF  SALINE 

CONSTITUENTS  IN  THE  GALLON  OF  WATER. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Old  Sulphur 

Montpellier 
Strong  Sul- 

Montpellier 
Mild  Sul- 

Hospital 
Strong  Sul- 

Hospital 
Mild  Sul- 

Starbeck 
Sulphur  Spa. 

Well. 

phur  Well. 

phur  Well. 

phur  Spring. 

phur  Spring. 

Sulphate  of  lime     . 

0-182 

0-594 

12-104 

51-660 

1-215 

0-870 

Carbonate  of  lime  . 

12-365 

24-182 

20-457 

25-560 

19-794 

6-960 

Fluoride  of  calcium 

trace 

trace 

trace 

trace 

faint  trace 

Chloride  of  calcium 

81-735 

61-910 

— 

— 

— 

— 

Chloride  of  magne- 

sium     .... 

55-693 

54-667 

17-140 

11-595 

0-386 

— 

Carbonate  of  magne- 

sia   .     .     .     .     . 

__ 



3-251 

5-797 

10-310 

5-890 

Chloride  of  potassium 

64-701 

5-750 

3-975 

10-751 

24-970 

Carbonate  of  potassa 

12-207 

Chloride  of  sodium 

866-180 

803-093 

232-413 

369-014 

220-630 

121-798 

Bromide  of  sodium 

trace 

trace 

trace 

trace 

trace 

Iodide  of  sodium    . 

trace 

trace 

trace 

trace 

trace 

Sulphide  of  sodium 
Carbonate  of  soda  . 

15-479 

14-414 

3-898 

7-155 

0-301 

1-711 

— 

— 

— 

— 

— 

5-183 

Ammonia.     .     .     . 

trace 

trace 

trace 

trace 

trace 

trace 

Carbonate  of  iron   . 

trace 

trace 

trace 

1-060 

trace 

trace 

Carbonate  of  iiumga- 

nese 

trace 

trace 

trace 

trace 

trace 

trace 

Silica 

0-246 

1-840 

0-165 

0-585 

1-49 

1-758 

Organic  matter  .     . 

trace 

\{V.)(\  5S() 

trace 

trace 

1-827 

trace 

1-740 

Toliii          .... 

00(V4r)6 

292908 

487  '.)(■,(; 

,'■;'.»  ('  in 

i:.;  :){<! 
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GASES 

DISSOLVED  BY  THE  WATERS  AND  EXPELLED  BY  EBULLITION  IN  VACUO. 

Composition  in  100  volumes. 


1 

I. 

Old  Sulphur 
Well. 

II. 

Montpellier 
Strong  Sul- 
phur Well. 

III. 

Montpellier 
Mild  Sul- 
phur Well. 

IV. 

Hospital 

Strong  Sul- 
phur Spring. 

V. 

Hospital 
Mild  Sul- 
phur Spring. 

VI. 

starbeck 
Sulphur  Spa. 

^H^'bonic  acid  .  . 
^Barbonetted  hydro- 
^^  gen 

Sulphuretted  hydro- 
gen   

Oxygen     .... 

Nitrogen  .... 

Total         .... 

61-06 
16-17 
14-69 

8-08 

70-62 
2-7] 

2-46 
24-21 

62-50 
3-99 

33-51 

31-79 
0-52 
1-81 

65-88 

44-07 

22-80 

7-82 
25-31 

49-78 
27-71 
trace 
22-51 

100-00 

100-00 

100-00 

100-00 

100-00 

10000 

CUBIC  INCHES  OF  THE  GASES  IN  THE  GALLON  OF  WATER. 


I. 

Old  Sulphur 
Well. 

II. 

Montpellier 
Strong  Sul- 
phur Well. 

III. 

Montpellier 
Mild  Sul- 
phur Well. 

IV. 

Hospital 
Strong  Sul- 
phur Spring. 

V. 

Hospital 
Mild  Sul- 
phur Spring. 

VI. 

Starbeck 
Sulphur  Spa. 

Carbonic  acid    .     . 

Carbonetted  hydro- 
gen   

Sulphuretted  hydro 
gen 

Oxygen     .... 

Nitrogen  ,     .     .     . 

22-03 
5-84 
5-31 
2-91 

14-01 
0-53 

0-48 

4-82 

14-28 
0-90 

767 

9-54 
0-15 
0-54 

19-78 

10-20 

5-28 

1-81 

5-87 

9-26 

5-15 

trace 

4-21 

Total    ;    .     .    !     . 

36-09 

19-84 

22-85 

30-01 

23-16 

18-62 

TOTAL  VOLUME  (iN  CUBIC  INCHEs)  OF  SULPHURETTED  HYDROGEN  IN  THE 
SEVERAL  WATERS. 


I.  Old  Sulphur  Well 

II.  Montpellier  Strong  Sulphur  Well 

III.  Montpellier  Mild  Sulphur  Well 

IV.  Hospital  Strong  Sulphur  Spring 
V.  Hospital  Mild  Sulphur  Spring  . 

VI.  Starbeck  Sulphur  Spa      .     .     . 


24-0  Febr.  1854. 
23-35  May     „ 
5-262  Febr.  „ 

10-888  „  „ 
0-368  „  „ 
2-103     „      „ 


26-9  (March  1854.) 
25-4  (May        „    ) 


3-54  (March  „    ) 


COMPOSITION  OF  THE  GASES  (iN  100  VOLUMES)  RISING  FROM  THE  WATERS  IN 

BUBBLES. 


Carbonic  acid      .     .     . 
Carbonetted  hydrogen 
Sulphuretted  hydrogen 

Oxygen      

Nitrogen 


Old  Sulphur 
Well. 


3-28 
40-00 
trace 

56-72 


100-00 


IV. 

Hospital 
Strong  Sulphur 

Spring. 


0-09 
trace 
99-91 


100-00 
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B.    CHALYBEATE  WATERS. 


Temperature  of  air  . 
'J'em]jerature  of  water 
Specific  gravity  .  . 
Reaction 


I  Montpellier  Saline 
!  Chalybeate  Water. 


.  '44.-2°  F.  (6-8°  C.) 
.  !  46-4°  F.  (8°  C.) 
.   !  1-0094 

.  i       markedly 
i        alkaline 


Cheltenham  Saline 
Chalybeate  Water. 


46-4°  F.  (8°  C.) 

40°  F.  (4-8°  C.) 

1-003 

very  feebly 

alkaline 


III. 

Tewitt's  Well. 


49-1°  F.  (9-5°  C.) 

46-4°  K.  (8°  C.) 

1-000108 

alkaline 


IV. 

St.  John's  Well. 


46-7°  F.  (8-2°  C; 

46-4°  F.  (8°  C.y 

1-00017 

allialioe 


DIRECT  RESULTS  OF  ANALYSIS,  CALCULATED  IN   1000    GRAINS 


a.  Bases. 

1 

I. 

Montpellier  Saline 
Chalybeate  Water. 

II. 

Cheltenham  Saline 
Chalybeate  Water. 

III. 

Tewitt's  Well. 

IV. 

St.  John's  Well. 

Sesquioxide  of  iron  j 

I. 
II. 

0-0585 
0-0505 

0-0925 
0-0893 

0-0270 
00266 

0-0118 
0012 

Manganese      .     .  \ 

Mean 

I. 
II. 

0  0545 
trace 

0-0909 
trace 

00268 
trace 

0-01203 
2 

Lime      .    .    ,    .  | 

Mean 

I. 
II. 

1-1348 
1-1397 

0-4252 
0-4232 

00270 
00235 

9 

0-0198 
00199 

Magnesia    .     .     .   | 

Mean 

I. 
II. 

1-1372 

0-4952 
0-4985 

0-4247 

0-2077 
0-2063 

00252 

0-0207 
0-0157 

0-01985 

0-0212 
0-0202 

Alkaline  chlorides  [ 

Mean 

I. 
II. 

0-4968 

9-460 
9-454 

0-2070 

2-6348 
2-6550 

0-0182 
00389 

0-0207 

00593 
0-0545 

Potasfca  .... 

Mean 

I. 
II. 

Mean 

I. 
II. 

9-457 

0-1023 
0-1013 

2-6449 

0-2799 
0-2121 

00389 
0-0221 

0-0584 
0-0096 

Soda { 

0-1018 

4-9270 
4-9248 

0-2460 

1-1607 
1-2364 

00221 
0-0021 

0-0096 
0-0228 

Ammonia   .    .     .  | 

Mean 

I. 
11. 

4-9259 
trace 

1-1985 
trace 

00021 
trace 

0-0228 
trace 

Mean 

-- 

— 

— 

— 
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BlUECT  RESULTS  OF  ANALYSIS,  CALCULATED  INf   1000  GRAINS. — ' COntimied.) 


$.    Ac  IDS, 

or  Elements  replacing 

them. 

I. 

Montpellier  Saline 
Chalybeate  Water. 

II. 

Cheltenham  Saline 
Chalybeate  Water. 

III. 

Tewitt's  Well. 

IV. 

ISt.  John's  WelL 

Siilpluiric  acid      . 

I. 
11. 

absent 

trace 

0-0047 
0-0070 

0-0025 
0-0025 

Mean 

— 

— 

0-0058 

00025 

Chlorine      .     .     . 

<- 

T. 

7-5336 

2-3881 

0-01136 

0  0134 

II. 

7-5363 

2-3917 

0-01148 

0-0134 

Mean 

7-53495 

2-3899 

001142 

0-0134 

Bromine      .     .     . 

^ 

I. 
II. 

trace 

trace 

rather  doubtf.tr. 

9 

Mean 

~ 

— 

— 

') 

Iodine     .... 

[ 

I. 
II. 

trace 

trace 

trace 

I 

Mean 

— 

— 

■- 

? 

Flnovine      .     .     „ 

{ 

I. 
II. 

Mean 

absent 

trace 

absent 

?       ' 

— 

— 

— 

9 

^ 

I 

0-0134 

0-0242 

0-0159 

trace 

Sdica      .... 

II. 

0-0134 

0-0170 

0-0280 

— 

0-0134 

0-0206 

0-0220 

— 

Total 

Solid  Contents 

Mineral  residue   . 

{ 

I. 
TI. 

Mean 

12-7961 
12-6372 

3-9455 

3-9022 

01336 
0-1195 

0-1320 
0-1227 

12-7166 

3-9238 

0-1265 

01278 

Organic  matter     . 

{ 

I. 
II. 

trace 

0-0402 
0-0398 

0-0146 
0-0043 

trace 

Mean 

— 

0-0400 

0-0095 

— 

Total  rcsidne  .     . 

{ 

I. 
II. 

12-7961 
12-6372 

3-9857 
3-9420 

0-L482 
0-1238 

0-1320 
0-1227 

Mean 

12-7166 

3-9038 

0-1360 

0-1278 
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GRAINS  OF  SALINE  CONSTITUENTS  IN   1000  GRAINS. 


I. 

II. 

III. 

IV. 

Montpellier 

Cheltenham 

Saline 
Chalybeate 

Saline 
C;halybeate 

lewitt's  Well. 

St  Jolin's 
Well. 

Water. 

Water. 

Sulphate  of  lime 





0-0090 

0-0043 

Carbonate  of  lime     .     .     . 

— 

0-1590 

0-0205 

0-0323 

Fluoride  of  calcium  .     .     . 

— 

trace 

— 

9 

Chloride  of  calcium  .     .     . 

2-3530 

0-7351 

— 

— 

Chloride  of  magnesium      . 

0-5038 

0-4845 

— 

— 

Carbonate  of  magnesia . 

0-5880 

— 

0.0381 

00434 

Chloride  of  potassium  . 

0-16LI 

0-3903 

0-0189 

— 

Carbonate  of  potassa     . 

— 

0-0151 

0-0141 

Chloride  of  sodium  .     . 

9-2960 

2-2617 

0.0040 

0-0220 

Bromide  of  sodium  .     . 

trace 

trace 

trace 

9 

trace 

trace 

trace 

9 

Carbonate  of  soda    .     . 

0-0191 

trace 
0-0395 

trace 
0-0659 

trace 
0-0194 

trace 

Carbonate  of  iron     .     . 

0-0087 

Carbonate  of  manganese 

trace 

trace 

trace 

2 

Silica 

0-0  J  34 
trace 

0-0206 
0-0400 

0-0220 
0.0095 

trace 

Organic  matter    .    .     . 

trace 

Total 

12-9548 

4-1071 

0-1565 

0-1439 

Total  residue  (by  experiment) 

12-7501 

4-0096 

0-1554 

1      0-1365 

GRAINS  OF  SALINE  CONSTITUENTS  IN  THE  GALLON  OF  WATER. 


J 

II. 

in. 

IV. 

Montpellier 

Cheltenham 

Saline 
Chalybeate 

Saline 
Chalybeate 

Tewitt's  Well. 

St.  John's 
Well. 

Water. 

Water. 

Sulphate  of  lime 



_ 

0-607 

0-307 

Carbonate  of  lime     .     . 

— 

7-604 

1-435 

2-264 

Fluoride  of  calcium 

— 

trace 

— 

? 

Chloride  of  calcium 

159-278 

51-629 



— 

Chloride  of  magnesium 

35-635 

34027 

— 



Carbonate  of  magnesia 

41-796 

— 

2-667 

8-039 

Chloride  of  potassium   . 

11-383 

27-410 

1-323 

Carbonate  of  potHSsa     . 

— 

— 

1-057 

0-991 

Chloride  of  sodium    .     . 

656-838 

158-840 

0  280 

1-543 

Bromide  of  sodium  .     . 

trace 

trace 

trace 

? 

Iodide  of  sodium       .     . 

trace 

trace 

trace 

9 

Carbonate  of  soda     ,     . 

— 

— 

— 

1-338 

Ammonia 

trace 

trace 

trace 

trace 

Carbonate  of  iron     .     . 

2-790 

4-627 

1-358 

0-609 

Carbonate  of  manganese 

trace 

trace 

trace 

9 

Silica 

0-947 

1-450 

1-041 

trace 

Organic  matter    .     .     . 

trace 

0-282 

0-663 

trace 

Total      ...'... 

008-607 

285-860 

11021 

10-091 
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GASES 

DISSOLVED  BY  THE  WATERS  AND  EXPELLED  BY  EBULLITION  IN  VACUO, 

Composition  in  100  volumes. 


I. 

Montpellier 
Saline 

Chalybeate 
Water. 

II. 

Cheltenham 
Saline 

Chalybeate 
Water. 

III. 

Tevdtt's 
Well. 

IV. 

.  John's 
Well. 

Carbonic  acid 

Carbonetted  hydrogen  .     .     . 

Oxygen 

Nitrogen 

71-83 
7-15 
1-52 

19-50 

76-4 
19-6 

]         4-0 

66-66 

2-82 
30-52 

67-63 
0-68 
3-04 

28-65 

100-00 

100-00 

10000 

J  0000 

CUBIC  INCHES  OF  THE  GASES  IN  THE  GALLON  OF  WATER. 


I. 

Montpellier 
Saline 

Chalybeate 
Water. 

II. 

Cheltenham 

Saline 

Chalybeate 

Water. 

III. 

Tewitt's 
Well. 

IV. 

St.  John's 
Well. 

Carbonic  acid 

Carbonetted  hydrogen  .     .     . 

Oxygen 

Nitrogen 

2417 

2-40 
0-51 
6-48 

19-50 
5-00 

1-02 

11-85 

0-40 
5-53 

14-95 
0-15 
0-67 
6-35 

33-56 

25-52 

17-98 

22-12 

I  cannot  conclude  this  Report  without  expressing  my  thanks  to 
Dr.  Bennett,  of  Harrogate.  His  active  co-operation  in  collecting  the 
waters  and  gases,  and  in  the  analytical  determinations  which  had  to 
be  performed  at  the  wells,  have  materially  facilitated  and  furthered  this 
inquiry.  My  best  thanks  are  also  due  to  Messrs.  A.  B.  Northcote 
and  H.  M.  Witt,  Assistants  in  the  Royal  College  of  Chemistry, 
whose  zeal  and  talent  have  never  failed  me  during  the  prosecution  of 
this  long  investigation. 

A.  W.  HOFMANN. 

KoTAL  College  of  Chemistry  : 
June  27, 1854. 
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Note  on  the  Decomposition  of  Sulpliurlc  Acid  by  PcntacSiIoriAe 
of  Plios5»liorus.* 

By  Alexander  Williamson,  Ph.D.,   F.C.S. 

Chemists  have  long  been  aware  of  the  fact  that  some  acids  unite 
with  bases  in  one  proportion  only,  others  in  two  or  more  proportions. 
Thus  a  given  quantity  of  nitric  acid  forms,  with  what  is  termed  its 
equivalent  of  potash,  a  definite  nitrate  of  potash  ;  if  less  than  this 
equivalent  quantity  of  potash  were  added  to  the  nitric  acid,  the 
product  would  be  a  mechanical  mixture  of  the  same  nitrate  of  potash 
with  uncombined  nitric  acid ;  if  more  than  the  equivalent  of  potash 
were  added,  the  excess  of  alkali  would  remain  uncombined.  Sul- 
phuric acid,  on  the  other  hand,  is  capable  of  forming  two  compounds 
with  potash,  and  it  depends  upon  the  proportions  in  which  the  two 
substances  are  brought  together,  whether  the  neutral  or  acid  sulphate 
is  formed. 

The  number  of  compounds  which  an  acid  forms  with  one  base  is 
now  considered  as  indicating  its  atomic  weight.  The  weights  of 
sulphuric  and  nitric  acids  which  are  respectively  susceptible  of  neu- 
tralising the  same  quantity  of  potash,  are  termed  equivalent,  but 
these  are  by  no  means  the  same  as  their  atomic  weights.  Sixty- 
three  parts  of  nitric  acid  (nitrate  of  water)  contain  the  same  quantity 
of  hydrogen  as  forty-five  parts  of  sulphuric  acid,  and  when  they  arc 
neutralised  by  potash  the  whole  of  this  hydrogen  is  removed,  and 
replaced  by  potassium ;  and  if  neither  of  the  acids  could  combine  in 
any  other  proportion  with  potash,  their  atomic  weights  would  be  the 
same  as  their  equivalent  weights.  But  sulphuric  acid  also  forms  a 
potash-compound  in  which  half  of  its  hydrogen  is  replaced  by  potas- 
sium, the  other  half  remaining  in  the  compound,  whereas  the  smallest 
particles  of  nitric  acid  either  exchange  the  whole  or  none  of  their 
hydrogen  for  potassium. 

This  fact  is  expressed  in  the  simplest  possible  manner  by  the 
statement  that  the  smallest  indivisible  particles  of  sulphuric  acid 
contain  two  atoms  of  hydrogen,  whilst  those  of  nitric  acid  only 
contain  one.  Thus  it  is,  that  whereas  the  equivalent  weights  of  the 
two  acids  are  the  quantities  which  contain  the  same  amount  of  basic 
hydrogen,  their  atomic  weights  must  be  in  the  proportion  of  two 
equivalents  of  sulphuric  to  one  of  nitric  acid.  The  simplest  expres- 
sion for  an  atom  of  nitric  acid  being  empirically  NO3  H,  we  shall 
accordingly  represent  an  atom  of  sulphuric  acid  by  the  formula 
SO4H2.  In  like  manner,  an  atom  of  common  phosphoric  acid,  being 
tribasic,  is  expressed  empirically  by  the  formula  PO4H3.     The  labours 
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of  Messrs.  Laurent  and  Gerhardt  greatly  contributed  to  the  esta- 
blishment of  these  results,  which  are  uncontro verted. 

We  have  hitherto  been  accustomed  to  resort  very  freely  to  ima- 
ginary distinctions  of  form  and  arrangement  of  matter  to  explain  the 
differences  of  properties ;  but  of  late  years  an  opposite  tendency  has 
arisen,  and  chemists  have  felt  the  necessity  of  reducing  their  language 
and  ideas  to  simpler  and  more  consistent  forms.  This  necessity  was 
first  felt  in  the  most  complex,  i.  e.  the  so-called  organic,  part  of  che- 
mistry. But  the  simplifications  thus  introduced  have  proved  to  be 
equally  applicable  to  the  inorganic  part  of  the  science;  and  their 
introduction  is  calculated  to  disengage,  for  the  consideration  of  sub- 
stantial differences  of  composition,  the  attention  which  has  hitherto 
been  absorbed  by  imaginary  distinctions  of  form.  Being  unable  to 
express  the  constitution  of  compounds  without  some  formal  artifice, 
we  shall  be  able  to  see  and  compare  their  substantial  differences 
most  easily  when  all  unnecessary  variations  of  those  formal  artifices 
are  eliminated.  The  success  of  this  operation  of  course  depends  on 
our  finding  one  form  sufficiently  general  to  replace  the  spteial  and 
limited  forms  now  employed. 

In  some  papers  published  in  the  Journal  of  the  Chemical  Society 
two  or  three  years  ago,  I  endeavoured  to  show  that  the  constitution 
of  salts  may  be  reduced  to  the  type  of  water;  that  acids  and  bases, 
being  truly  acid  salts  and  basic  salts,  are  perfectly  conformable  to 
the  same  principle ;  and  that,  amongst  other  things,  the  differ;  nee 
between  monobasic  and  bibasic  acids,  &c.  admits  of  a  simple  and  easy 
explanation  by  it.  The  leading  propositions  in  those  papers  have  been 
adopted  by  several  eminent  chemists  in  this  country  and  in  Fra;ice; 
and  M.  Gerhardt  speedily  enriched  science  with  a  series  of  brilliant 
and  striking  illustrations  of  their  truth.  As  regards  the  constitution 
of  bibasic  acids,  M  Gerhardt^ s  results  were,  however,  at  variance 
with  that  theory;  and  he  was  led  to  represent  them  by  foruiulse 
equally  inconsistent  with  his  own  previous  views  on  the  subject.  I 
believe  that  this  discrepancy  is  satisfactorily  removed  by  the  facts 
I  have  the  honour  of  submitting  to  the  consideration  of  the  Society. 

An  atom  of  nitric  acid,  being  eminently  monobasic,  is,  as  we  have 

TT 

already  shown,   represented   in   the   monobasic   type  „  0   by     the 

formula^       |jO,  in  which  peroxide  of  nitrogen  (NO2)  replaces  one 

atom  of  hydrogen.  In  like  manner,  hydrate  of  potash  (  y/-  0  )  is  ob- 
tained by  replacing  one  atom  of  hydrogen  in  the  type  by  its  equiva- 
lent of  potassium  ;  and  nitrate  of  potash  (      ^0  )  by  a  simultaneous 

substitution  of  one  atom  of  hydrogen  by  peroxide  of  nitrogen, 
the  oilier  by  ])otassium.     Sulphuric  acid  is  formed  from  two  atoms  of 
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Jo 

water  tj    J  one  of  hydrogen  from  each  is   removed,  and  the  two 
O 

replaced  by  the  indivisible  radical  SOg.     The  series 

Sulphuric  acid.         Acid  sulphate  of  potash.         Neutral  sulphate  of  potash. 

HO  kO  kO 

explains  itself. 

Chemists  have  long  known  how  to  remove  the  basylous  consti- 
tuents H,  K,  &c.  of  these  salts,  and  to  replace  them  by  others.  But 
it  is  only  recently  that  they  have  learnt  to  remove  the  chlorous 
radicals  SO2,  NOg,  &c.  in  a  similar  manner.  To  obtain  the  chloride 
of  potassium  from  its  sulphate,  it  is  sufficient  to  bring  the  latter  into 
liquid  contact  with  chloride  of  barium ;  but  the  same  reagent  would 
be  powerless  for  the  preparation  of  the  chlorides  of  the  radicals  SOo 
or  NO2. 

M.  C  ah  ours  has  shown  us  a  reagent  (the  pentachloride  of  phos- 
phorus) which  is  capable  of  forming  from  a  great  number  of  mono- 
basic acids  the  chlorides  of  the  acid  radicals.  Whilst  extending  our 
knowledge  of  the  action  of  the  body  on  monobasic  and  organic  acids, 
and  preparing  numerous  compounds  of  their  radicals  with  one  atom 
of  chlorine,  M.  Gerhardt  examined  also  the  nature  of  its  action  upon 
bibasic  acids  and  their  compounds ;  and  states  that  it  consists  of  two 
successive  phases — first,  the  liberation  of  the  anhydrous  acid  ;  secondly, 
the  substitution  of  two  atoms  of  chlorine  for  one  of  oxygen  in  that 
anhydrous  acid.  These  facts,  if  correct,  would  be  unfavourable  to 
the  above  view  of  the  constitution  of  sulphuric  and  other  bibasic 
acids;  and  M.  Gerhardt  adopted  accordingly  the  old  formulae, 
representing  in  their  composition  an  atom  of  water  ready-formed, 
SO3H2O. 

Confining  my  remarks  for  the  present  to  the  case  of  sulphuric 
acid,  whose  decomposition  is  doubtless  typical  of  that  of  other  bibasic 
acids,  I  may  state  as  the  result  of  numerous  experiments  with  the 
most  varied  proportions  of  pentachloride  and  acid,  performed  on  a 
scale  of  considerable  magnitude,  that  the  first  action  of  the  penta- 
chloride consists  in  removing  one  atom  of  hydrogen  and  one  of 
oxygen  (empirically,  peroxide  of  hydrogen)  from  the  acid,  putting  in 

...  H 

an  atom  of  chlorine  in  their  place,  and  forming  the  compound  SO,     , 

CI 
which  is  strictly  intermediate  between  the  hydrated  acid  and  the 
final  product  SO2  CI2  formed  by  a  repetition  of  the  same  process  of 
substitution  of  chlorine  for  peroxide   of  hydrogen.     The  existence 
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and  formation  of  this  body^  which  we  may  call  chloro-hydrated 
sulphuric  acid,  furnishes  the  most  direct  evidence  of  the  truth  of  the 
notion,  that  the  bibasic  character  of  sulphuric  acid  is  owing  to  the 
fact  of  one  atom  of  its  radical  SOo  replacing  or  (to  use  the  customary 
expression)  being  equivalent  to  two  atoms  of  hydrogen.  Had  this 
radical  been  divisible  like  an  equivalent  quantity  of  a  monobasic 
acid,  we  should  have  obtained  a  mixture,  not  a  compound  of  the 
chloride  with  the  hydrate, — or,  at  least,  the  products  of  decomposi- 
tion of  that  mixture. 

Chloro-hydrated  sulphuric  acid  boils  at  145°  Cent.,  distilling 
without  decomposition.  The  intensity  of  its  action  upon  water 
varies  according  to  the  manner  in  w^hich  the  two  bodies  are  brought 
together.  When  poured  rapidly  into  a  large  quantity  of  cold  water, 
a  portion  of  it  sinks  to  the  bottom,  and  only  gradually  dissolves  as 
a  mixture  of  hydrochloric  and  sulphuric  acids.  When  a  small 
quantity  of  water  is  added  to  the  compound,  the  same  decomposition 
takes  place  with  explosive  violence.  The  acid  dissolves  chloride  of 
sodium  on  the  application  of  a  gentle  heat,  with  evolution  of  hydro- 

NaQ 
chloric  acid,  giving  rise  to  a  compound  of  the  formula  SOo     .     When 

CI 
poured  upon  pieces  of  melted  nitre  at  the  atmospheric  temperature, 
an  effervescence  takes  place,  with  evolution  of  a  colourless  vapour 
which  possesses  in  a  striking  degree  the  odour  of  aqua  regia.  This 
vapour  may  be  dissolved  in  various  liquids,  and  when  decomposed 
by  water  yields  nitric  and  hydrochloric  acids.  It  is  doubtless 
chloro-nitric  acid,  NOg  CI.  In  like  manner  the  chlorides  of  other 
inorganic  acid  radicals  may  be  obtained,  as  from  chlorates,  perchlo- 
rates,  sulphites,  &c. ;  but  of  these  and  other  reactions  I  beg  leave  to 
defer  any  further  account  until  the  experiments  now  in  hand  are 
more  advanced. 

From  the  general  resemblance  of  properties  and  identity  of  boiling 
point  of  the  chloro-hydrate  with  a  compound  discovered  by  Rose, 
and  described  by  that  eminent  chemist  as  possessing  empirically  the 
composition  83  O5  Clo,  I  was  led  to  suspect  that  the  two  might  in 
reality  be  identical, — which  of  course  would  require  the  addition  of 
the  elements  of  water  to  Rosens  formula ;  and  several  experiments  I 
have  performed  afford  strong  confirmation  of  that  identity.  The 
same  compound  is  obtained  by  the  action  of  dry  hydrochloric  acid 
on  anhydrous  sulphuric  acid ;  and  finally,  I  may  mention  that 
Mr.  Railton  obtained  a  small  quantity  of  the  same  substance  some 
weeks  ago  in  my  laboratory  by  the  action  of  platinum-black  at  a 
high  temperature  on  an  imperfectly- dried  mixture  of  chlorine  and 
sulphurous  acid. 

As  regards  the  successive  transformations  effected  in  the  penta- 
chloride,  I  have  observed  the  formation  of  Wurtz^s  oxychloride  (the 
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tiibasic  chloro-phosphoric  acid  (PO  CI3)  ),  and  also  of  a  coiiij)oimd 
boiling  above  145^,  probably  PO2  CI.  Hydrated  phosphoric  acid  is 
always  found  unless  the  amount  of  peutachloride  added  is  very 
great. 


On  the  action  of  Chloride  of  Cyatsogeii  on  the  Animouia-hases.* 
By  A.   C  a  h  o  u  r  s  and   C  1  o  e  z. 

Hofmann  has  shown  that  the  only  product  of  the  mutual 
action  of  aniline  and  gaseous  chloride  of  cyanogen,  is  the  hydro- 
chlorate  of  a  base  containing  a  double  atom  of  aniline,  in  which 
1  Tttom  of  hydrogen  is  replaced  by  an  atom  of  aniline  :  this  base  is 
called  Melaniline. 

The  action  is  easily  explained  by  the  following  equation  : 

2  C12  H7  N  4  C2  N  .  CI  =  H  CI  .  C2,  Hi3  (C2  N)  Ng. 

On  the  other  hand,  Cloez  and  Cannizzaro  have  shown  that'by 
passing  a  mixture  of  ammonia  and  chloride  of  cyanogen  carefully 
dried  into  perfectly  anhydrous  ether,  two  distinct  products  are 
obtained,  viz.,  sal-ammoniac  which  settles  down,  and  cyanic  amide 
which  remains  dissolved  in  the  ether,  but  may  be  separated  by 
distillation  in  the  water-bath. 

The  formation  of  these  products  is  explained  by  the  equation  : 

3N  H3  4-  C2  N  CI  =  H  CI  .  N  H3  -f  NH2  .  C2  N. 

Cjanic  amide. 

These  facts  rendered  it  interesting  to  inquire  whether  ammonia 
acted  in  this  respect  differently  from  the  conjugated  ammoniacal 
bases,  or  whether  aniline  on  the  contrary  formed  an  exception  with 
respect  to  these  remarkable  compounds.  The  following  experi- 
ments were  undertaken  witli  the  view  of  solving  this  question. 

When  gaseous  chloride  of  cyanogen,  pure  and  very  drji ,  is  passed 
into  the  middle  of  a  solution  of  aniline  in  anhydrous  ether,  con- 
tained in  a  vessel  surrounded  with  pomided  ice,  a  crystalline  deposit 
of  very  pure  hydrochlorate  of  aniline  is  soon  formed  and  goes  on 
increasing.  The  ethereal  solution,  completely  freed  from  the 
crystals  by  filtration,  and  subjected  to  distillation  over  the  water- 
bath,  gives  off  all  the  ether,  and  leaves  a  viscous  mass  which 
solidifies  on  cooling,  forming  a  reddish  mass  resembling  colophony 
in  appearance,  friability,  conchoidal  fracture,  and  translucence. 
I L  is  completely  decomposed  by  heat,  yielding  a  variety  of  products. 

*■  Cuiupl.  Kend.  xxxviii.  351'. 
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It  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and  etlier* 
On  adding  water  to  the  alcoholic  or  ethereal  solution,  a  viscous 
substance  is  immediately  formed,  which  gradually  changes  to  a 
crystalline  product;  this  substance  is  aniline-urea^  Its  analysis 
gave  the  following  results :  ^  '         -   ^^5^^ 

Calculated.  Found  (mean).      jt^ 

14  C  84  7118  71-02 

6  H  6  5-18  5-20 

2N  28  23-74  24-15 


Ci^HgNa  118  100-00 

Under  these  circumstances,  therefore,  aniline  behaves  just  like 
ammonia,  thus : 
2  Ci2  Hy  N  -f-  C2  N  CI  =  H  CI  .  C12  H7  N  +  C12  Hg  N  .  C2  N. 

Cyanic  anilide. 

When  a  mixture  of  equal  equivalents  of  hydrochlorate  of  aniline 
and  cyanic  anilide,  dissolved  in  alcohol,  is  heated  for  some  time  over 
the  water-bath,  a  crystallized  product  is  obtained,  from  which 
ammonia  no  longer  separates  any  liquid  product,  but  a  concrete 
substance  exhibiting  all  the  properties  of  melaniline.  Melaniline 
may  therefore  be  regarded  as  a  conjugated  compound  of  aniline  and 
cyanic  anilide,  which  is  always  produced  if  the  temperature  rises 
during  the  reaction. 

Toluidine  and  naphthalidam  yield  results  exactly  similar  to  those 
observed  with  aniline. 

Ethylaniline,  treated  in  the  same  manner,  yields  hydrochlorate 
of  ethylaniline,  and  a  limpid  liquid  which  volatilizes  without 
decomposition,  boils  at  271°,  and  is  composed  of: 

Ci8Hi„N,  =  Ci6Hi„N.C2N; 

it  must  therefore  be  regarded  as  Cyanic  Ethylanilide,  This  com- 
pound behaves  like  a  weak  base;  its  hydrochlorate  forms  with 
bichloride  of  platinum  a  compound  which  crystallizes  in  large 
orange-red  prisms  of  great  beauty. 

Methylaniline  and  amylaniline  yield  similar  results. 

The  compounds  derived  from  ammonia  by  the  substitution  of 
2  atoms  of  ethyl,  methyl,  phenyl,  &c.,  for  2  atoms  of  hydrogen, 
differ  therefore  essentially  from  those  in  which  only  1  atom  of 
hydrogen  is  thus  replaced,  inasmuch  as  their  cyanic  derivatives  are 
volatile  without  decomposition. 

Methylamine,  ethylamine,  and  amylamine,  treated  in  the  same 
manner,  yield  compounds  analogous  to  those  which  were  obtained 
Avith  ammonia  and  aniline ;  dicthylamine,  methylethylamine,  and 
diamylaminc,  on  the  contrary,  behaved  like  ethylaniline. 
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The  compounds  thus  obtained  are  weak  bases,  capable  of  uniting 
with  concentrated  acids,  and  forming  compounds  which  are  decom- 
posed by  excess  of  water. 

From  the  preceding  facts  it  appears  that  ammonia,  and  the  bases 
formed  from  it  by  the  substitution  of  different  binary  groups 
(methyl,  ethyl,  amyl,  &c.)  for  hydrogen,  are  acted  upon  by  gaseous 
chloride  of  cyanogen,  in  a  manner  which  may  be  represented  by  the 
general  formula : 

2  C„,H„N  +  C2  N  CI  =  CI  H  .  C„,H„N  +  C^^^  H,_i  N^. 

Thus  we  have  : 

2  C2H5N  +  C2  N  CI  =  CI  H  .  C2H5N  +  C4      H,     N2, 

Cyanic  methylamide. 

2  C.H^N  +  C2  N  CI  =  CI  H  .  C4H7N  +  Cfi      Hg     N2. 

Cyanic  ethylamide. 

2  C,„Hi3N  +  C2  N  CI  =  ci  H  .  C,„Hi3N  +  C^^    Hj,     N„ 

Cyanic  amylamide. 

^[('c%]+^^^''^=^^^-%A)^  +  C,,     H,„    N, 

Cyanic  diethylamide. 

When  cyanic  ethylamide  is  carefully  distilled  in  an  oil-bath,  a 
rapid  action  is  observed  to  take  place  at  about  180°  C;  a  con- 
siderable quantity  of  a  very  limpid,  colourless  liquid,  having  a 
peculiar  cyanic  odour,  distils  over,  and  there  remains  a  viscous 
amber-coloured  substance,  which  solidifies  completely  as  it  cools, 
and  may  be  distilled  without  decomposition  at  a  temperature  above 
300°. 

The  volatile  product  and  the  solid  substance  appear  to  be  formed 
in  about  equal  quantities. 

The  solid  body  is  a  feeble  base\  capable  of  forming  a  crystalline 
compound  with  hydrochloric  acid.  This  compound  forms  with 
bichloride  of  platinum  a  double  salt,  which  is  scarcely  soluble  in 
water,  very  soluble  in  alcohol,  especially  in  hot  alcohol,  and  is 
deposited,  on  cooling  or  evaporating  the  liquid,  in  beautiful  yellow 
scales,  having  a  slight  orange  tint. 

The  analyses  of  the  hydrochlorate  and  of  the  platinum-salt  show 
that  the  solid  product  is  composed  of : 

The  liquid  product  boils  regularly  and  without  decomposition 
at  190°;  does  not  appear  to  be  capable  of  forming  definite  com- 
pounds with  acids;  but  is  resolved,  under  the  influence  either  of 
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acids   or  of  alkaline   bases,   into    carbonic   kcid,    ammonia,    and 
diethylamine. 

The  analysis  of  this  liquid  and  the  determination  of  its  vapour 
density  lead  to  the  formula 

CiQ  HiQ  N2=4  vols,  vapour. 

The  decomposition  of  this  substance  by  means  of  hydrate  of 
potash  may  be  represented  by  the  equation  : 

CioHioN2+2KO  +  4HO  =  2(C02.KO)  +  NH3  +  C4H6(C4H5)N. 

Diethylamine. 

The  compound  Cjo  HioN2=C8  Hi^N.  C2N  is  cyanic  diethyl- 
amide. A  compound  identical  in  its  properties  is  in  fact  obtained 
by  passing  a  current  of  gaseous  chloride  of  cyanogen  through  a 
solution  of  diethylamine  in  anhydrous  ether,  till  it  is  no  longer 
absorbed. 

Methylethylamine  behaves  in  a  similar  manner  to  diethylamine, 
yielding  a  product  which  volatihzes  without  decomposition  at 
175°  or  176°  C. 

The  decomposition  of  cyanic  ethylamide  into  the  two  products 
just  described,  is  easily  explained  by  the  following  equation : 

3  Cg  He  N,  =  Cg  H,  N,  +  C,,  H,„  N^. 

Cyanic  methylamide  and  cyanic  amylamide  yield  similar  pro- 
ducts. 

Thialdine,  furfurine,  and  other  oxygenised  bases  are  acted  upon 
by  chloride  of  cyanogen  in  a  similar  manner  to  the  ammonia- 
bases. 

The  authors  likewise  give,  at  the  conclusion  of  their  paper,  a  very 
simple  process  for  preparing  chloride  of  cyanogen.  100  grms. 
of  cyanide  of  mercury  and  4  litres  of  water  are  introduced  into  a 
bottle  of  the  capacity  of  about  6  litres,  and  the  water  saturated  with 
chlorine  at  0°  C.  A  considerable  quantity  of  hydrate  of  chlorine  is 
then  formed,  and  the  cyanide  of  mercury  is  thereby  converted,  in  the 
course  of  twenty-four  hours,  into  chloride  of  mercury  and  chloride 
of  cyanogen,  which  remains  dissolved.  If  the  liquid,  thus  saturated 
^lith  chloride  of  cyanogen,  be  then  introduced  into  a  flask,  and 
heated  with  two  or  three  live  coals,  the  gas  is  evolved,  and  generally 
carries  with  it  a  small  quantity  of  chlorine,  from  which  it  may  be 
freed  by  passing  pver  copper-turnings,  which  absorb  the  chlorine 
completely  at  ordinary  temperatures  without  decomposing  the 
chloride  of  cyanogen ;  lastly,  the  gas  may  be  dried  by  passing  it 
over  chloride  of  calcium. 
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On  a  new  Series  of  Sulphuretted  Acids.* 
By  Dr.   August   Kekule. 

Adopting  the  idea  that  the  series  of  organic  compounds  of  which 
sulphuretted  hydrogen  is  the  type,  corresponds  in  every  respect  with 
the  series  of  which  water  is  the  type,  I  concluded  that  not  only  mer- 
captans  and  neutral  sulphides  which  correspond  to  the  alcohols  and 
ethers,  but  also  compounds  corresponding  to  the  acids,  anhydrous 
acids,  and  ethers  of  acids,  might  be  produced ;  I  therefore  endeavoured 
to  obtain  reactions  which  would  enable  me  to  replace  oxygen  in  the 
compounds  of  the  latter  series  by  sulphur. 

Such  reactions  are  produced  by  the  compounds  of  sulphur  with 
phosphorus — the  tersulphide  (Pg  S3)  and  the  pentasulphide  (P2  S5)  — 
which  are  easily  obtained  by  fusing  together  amorphous  phosphorus 
and  sulphur  in  an  atmosphere  of  carbonic  acid ;  no  explosion  takes 
place,  although  the  combination  is  attended  with  a  very  violent 
action. 

Experiment  has  proved  that  these  combinations  of  sulphur  and 
phosphorus  act  on  the  members  of  the  series  of  water  in  the  same 
manner  (although  less  violently)  as  the  corresponding  compounds 
of  chlorine  and  phosphorus ; — with  this  difference,  however,  that  by 
using  the  chlorine  compounds,  the  product  is  resolved  into  two  groups 
of  atoms,  while  by  using  the  sulphur  compounds  there  is  obtained 
only  one  group, — a  peculiarity  which,  according  to  the  bibasic  nature 
of  sulphur,  must  have  been  expected.  By  acting  on  these  com- 
pounds of  sulphur  and  phosphorus  with  water,  one  atom  of  sulphu- 
retted hydrogen  is  obtained,  while  the  chlorides  give  two  atoms  of 
hydrochloric  acid, 

6jJ]0  +  P2S=3[J]  S  +  2PO3H3 

6^  ]  0  +  2P  CI3  =  6H  CI  +  2PO3H3. 

Similar  reactions  are  observed  with  organic  compounds  belonging 
to  the  series  of  water,  with  the  formation  of  phosphorous  and  phos- 
phoric acids  respectively,  or  of  a  copulated  acid.  By  acting  in  this 
way,  the  following  series  of  sulphuretted  organic  compounds  is  ob- 
tained, by  the  side  of  which  are  placed  for  comparison  the  products 
formed  by  the  action  of  the  chlorides  of  phosphorus  on  the  same 
substances. 

Sulphuretted  Hydrogen. 

H  -)  ^  Hydrochloric  Acid. 

IlJS.  •  2HC1. 

'■''•    rrocccdiii-^  (il  tlu'  Ku\al  Scficly,  vii.  37. 
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Mercaptaii. 

CoH-  ■)  CI  Chloride  of  Ethvl  +  ITydrochloric  Acid. 

'h°3^-  O.H^Cl  +  HCl. 

Sulphide  of  Ethyl. 

CoHo  c  *  Chloride  of  Ethyl. 

cX)    •  2C,H5C1. 

Othyl-IIydrosulphuric  Acid. 

CoHoO  )  CI  Chloride  of  Othyl  +  Hydrochloric  Acid. 

H)^-  CgHACl+HCl. 

Othyl-Sulphide  of  Othyl. 

C0H..O  )  o  Chloride  of  Othyl. 


lyl-Sulphide  of  Ethyl. 

CoHo  O  -)  CI  Chloride  of  Of  hyl  +  Chloride  of  Ethyl. 

CoH.    r-  C2H30,CH-aH3Cl. 


'2115      J  ^2^^&^)  ^'■^    '^2^^5 

Mercaptan  is  obtained  by  the  action  of  tersiilphide  or  pentasulphide 
of  phosphorus  on  alcohol  with  extreme  facility.  Sulphide  of  ethyl 
may  also  be  prepared  by  acting  on  ether  in  a  similar  manner. 

Thiacetic  Acid, — Sulphuretted  Acetic  Acid, — has  been  obtained  by 
me  by  acting  on  monohydrated  acetic  acid  with  tersulphide  of 
phosphorus.  It  is  a  colourless  liquid,  boiling  at  about  93°  C,  and 
has  a  peculiar  odour  resembling  sulphuretted  hydrogen  and  acetic 
acid.  It  dissolves  potassium  in  the  cold,  and  zinc  on  heating,  with 
evolution  of  hydrogen,  and  gives  with  lead  a  salt  less  soluble  than 
the  ordinary  acetate,  so  that  it  gives  a  precipitate  with  acetate  of 
lead.  By  recrystallisation  from  water  or  alcohol,  the  lead-salt  is 
obtained  in  fine  silky  needles,  which,  though  quite  colourless  at  first, 
are  rapidly  decomposed  (whether  in  solution  or  in  the  solid  form), 
with  formation  of  sulphide  of  lead. 

By  analysis,  I  found  the  lead-salt  contained — 

Lead  58'8  per  cent.        Theory  requires  58*0  per  cent. 
The  acid  contained — 

Sulphur  4)1*3  per  cent.  Theory  requires  42*1  per  cent. 
Thiacetic  acid  is  also  formed  in  small  quantity,  and  by  secondary 
action,  by  distilling  pentasulphide  of  phosphorus  with  fused  acetate 
of  soda.  Pentachloride  of  phosphorus  gives  a  violent  reaction  with 
thiacetic  acid,  yielding  sulphochloride  of  phosphorus,  chloride  of 
othyl,  and  hydrochloric  acid, 

^2^30  j  g  _^  p  Qi^  ^  (J^l  j^  O  CI  -f  H  CI  -f  P  S  CI3. 
• 
Thiacetate   of  Othyl. — Sulphide  of  Gihyl, — Anhydrous  Sulphu- 
retted   Acetic   Acid. — Pentasulphide  of  phosphorus  acts   but   very 
feebly  upon  anhydrous  acetic  acid  in  the  cold,  but  on  heating  a  violent 
reaction  takes  place.     By  distilling  the  product,  the  anhydrous  acid 
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is  obtained  in  the  form  of  a  colourless  liquid,  boiling  at  about  121°  C, 
and  having  an  odour  greatly  resembling  sulphuretted  acetic  acid.  On 
mixing  with  water  it  falls  to  the  bottom,  without,  at  first,  suffering 
any  change  ;  on  standing,  however,  it  is  slowly  dissolved  and  decom- 
posed into  sulphuretted  acetic  acid  and  ordinary  acetic  acid.  This 
change  takes  place  much  more  rapidly  on  heating, 

It  appears  that  anhydrous  sulphuretted  acetic  acid  is  also  pro- 
duced by  acting  on  the  othyl-sulphide  of  lead  with  chloride  of  othyl ; 
at  all  events,  chloride  of  lead  is  formed.  Chloride  of  benzoyl  gives 
with  the  lead-salt  a  similar  reaction,  and  it  is  probable  that  an  inter- 
mediate sulphuretted  acid  is  formed,  having  the  formula, 

C2H3O  ^  o 
C,H,0]^- 

Thiacetate  of  Ethyl. — Sulphuretted  Acetic  Ether. — This  compound 
may  be  prepared  by  the  action  of  pentasulphide  of  phosphorus  on 
acetic  ether.  It  is  a  liquid  lighter  than  water,  and  possesses  an 
odour  resembling  acetic  ether  and  sulphuretted  hydrogen.  It  boils 
at  about  80°  C. 

It  will  be  seen  that  the  action  of  tersulphide  and  pentasulphide  of 
phosphorus  above  described  produces  sulphuretted  organic  com- 
pounds by  substituting  sulphur  for  oxygen.  The  compounds  ob- 
tained in  this  way  may  also  be  formed  by  replacing  one  or  two 
atoms  of  hydrogen  in  sulphuretted  hydrogen  (H2S),  or  one  or  two 
atoms  of  metal  in  sulphide  of  potassium  (KgS),  or  in  sulphide  of 
hydrogen  and  potassium  (KHS),  by  organic  radicals.  Mercaptan 
and  the  sulphides  of  alcohol  radicals  have,  in  fact,  been  long  ob- 
tained in  this  manner. 

The  formation  of  a  sulphuretted  compound  containing  an  acid 
radical  has  been  observed  by  Gerhardt  by  acting  on  sulphide  of 
lead  with  chloride  of  othyl.  I  have  not  made  many  experiments  of 
this  kind,  but  I  have  observed  that  chloride  of  benzoyl  is  not  de- 
composed by  sulphuretted  hydrogen,  while  it  (as  well  as  chloride  of 
othyl)  gives  a  reaction  with  sulphide  of  hydrogen  and  potassium, 
yielding  chloride  of  potassium. 

I  am  continuing  these  researches,  and  believe  the  above  reactions 
will  furnish  many  new  compounds,  and  will  tend  to  complete  our 
knowledge  of  some  of  those  organic  and  inorganic  compounds  now 
known. 
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On  the  formation  of  Nitride  of  Benzoyl  from  Hippurlc  Acid.* 
By   Dr.   L.  i  m  p  r  1  cli  t  and  VonUslar. 

When  hippuric  acid  is  heated^^n  a  tubulated  retort  having  a 
thermometer  adapted  to  it,  the  acid  melts  at  about  130°  C. ;  at 
210°  a  small  deposit  of  benzoic  acid  is  formed  in  the  neck  of  the 
retort,  and  at  240°  the  mass  begins  to  boil.  The  only  volatile  pro- 
ducts formed  in  this  action  are  benzoic  acid,  having  a  slight  red 
colour  due  to  the  presence  of  a  foreign  body,  traces  of  hydrocyanic 
acid,  and  a  liquid  body,  which  was  found  to  be  nitride  of  benzoyl. 

These  mixed  products  were  distilled  with  water,  whereupon  the 
nitride  of  benzoyl  passed  over  with  the  water.  To  purify  it  com- 
pletely, it  was  rectified  by  itself  over  burnt  lime. 

It  is  a  clear,  strongly  refracting  liquid,  having  an  odour  so 
much  like  that  of  bitter  almond  oil  that  it  was  at  first  mistaken 
for  that  substance.  Its  boiling  point  was  192°.  From  this,  and 
from  the  analysis,  it  was  found,  however,  to  be  identical  with  the 
so-called  nitride  of  benzoyl,  which  Fehlingf  obtained  by  dis- 
tilling benzoate  of  ammonium-oxide.  Analysis  gave  the  following 
results  : 

Limpriclit  and 
Calculation.  Von  Uslar.  Fehling. 

14  C         84         81-58^  81-11  81-86 

5H  5  4-85  4-94  5*05 

N         14         13-57  12-42  1339 


C14H5N       103       100-00 


As  this  body  is  obtained  from  hippuric  acid  in  considerable 
quantity,  and  as  its  odour  is  very  much  like  that  of  bitter  almond 
oil,  it  may  perhaps  take  the  place  of  that  substance  in  perfumery ; 
if  so,  cows'  and  horses'  urine  may  become  valuable  to  the  per- 
fumer. 

If  the  temperature  at  which  hippuric  acid  is  distilled  be  not 
allowed  to  rise  above  250^  C ,  there  remains  in  the  retort  a  black 
resinous  body  which  is  brittle  in  the  cold  but  softens  even  at  a 
gentle  heat ;  it  is  scarcely  soluble  in  water,  but  dissolves  readily  in 
alcohol  and  ether.  The  alcoholic  solution,  abandoned  to  spon- 
taneous evaporation,  deposits  after  a  while  a  brown- red,  viscid 
mass,  which  solidifies  as  soon  as  the  supernatant  liquid  is  poured 
off;  if  the  evaporation  be  continued,  crystals  of  benzoic  acid  having 
a  yellow  and  red  colour  separate  together  with  the  resin.  As  no 
other  definitely  characterized  body  could  be  obtained  from  this 
residue,  its  further  investigation  was  postponed. 

*  Ann.  Ch.  Pliarm.  Ixxxviii.  133. 
t  Ibid.  xlix.  91. 
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Oa  the  Alcoljol  co2*responiliiig  to  Benzoic  Acid.* 
By   S.   C  a  u  n  i  z  K  a  r  o. 

The  oil  obtained  by  the  action  of  an  alcoholic  solution  of  potasli 
on  oil  of  bitter  almonds,  is  comjbsed  of  C^^  Hg  O2 ;  it  is  colourless, 
specifically  heavier  than  water,  refracts  light  strongly,  and  boils  at 
204^  C.  Although  this  substance  does  not  agree  in  composition  with 
the  ordinary  alcohols  C^  Hn+2  Og,  it  nevertheless  behaves  with  re- 
agents like  an  alcohol,  whose  aldehyde  would  be  pure  bitter  almond 
oil,  C„  H,  O,. 

Nitric  acid  at  a  gentle  heat  converts  this  new  alcohol  int.o  hydride 
of  benzoyl,  and  chromic  acid  converts  it  into  benzoic  acid.  When  the 
vapour  is  passed  over  red-hot  spongy  platinum,  an  oil  is  produced, 
specifically  lighter  than  water,   and  probably  consisting  of  Cj^  Hg. 

When  hydrochloric  acid  gas  is  passed  into  this  alcohol,  heat  is 
evolved,  and  a  liquid  formed  which  separates  into  two  layers,  the 
lower  being  an  aqueous  solution  of  hydrochloric  acid,  the  upper  an 
ethereal  chlorine-compound,  Cj^  H^  CI,  derived  from  the  alcohol, 
Ci4  Hg  O2  This  ether  is  a  strongly  refracting  liquid,  having  a 
very  powerful  odour,  heavier  than  water,  and  boiling  between  180" 
and  185".  Caustic  potash  converts  it  into  chloride  of  potassium 
and  the  alcohol  of  benzoic  acid.  Heated  over  the  water-bath  with 
an  alcohohc  solution  of  ammonia,  it  is  converted  into  chloride  of 
ammonium,  and  a  base  which  is  crystallizable  and  melts  at  a  higher 
temperature  than  toluidine. 

When  a  solution  of  the  alcohol  of  benzoic  acid  in  acetic  acid  is 
added  to  a  mixture  of  sulphuric  and  acetic  acid,  an  oil  is  produced 
which  floats  on  the  the  top  of  the  liquid  ;  this  oil  is  the  acetic  ether 
corresponding  to  the  alcohol — viz.,  Cjg  Hjq  O^.  It  is  colourless, 
heavier  than  water,  boils  at  210°,  and  has  a  very  pleasant  aromatic 
odour,  resembling  that  of  certain  kinds  of  pear.  When  heated 
with  solution  of  potash,  it  is  resolved  into  acetic  acid  and  the 
alcohol  of  benzoic  acid. 

This  alcohol  appears  to  be  the  type  of  a  whole  class  of  new 
alcohols :  the  author  is  at  present  engaged  with  a  more  complete 
investigation  of  it. 

On  an  Alcohol  in  the  Wax  of  the  Copernicia  Cerifera, 
By  M.  S.  ]flaskelyne,t 

^  DEPUTY  HEADER  IN  MINEKALOGY  IN  THE  UNIVERSITY  OF  O  FORD. 

*'  It  will  be  a  matter  of  interest  to  you  to  know  that  I  have  been 
investigating  the  wax  from  the  Copernicia  cerifera^ — the  wax-bearing 
palm  of  the  Brazils — and  have  obtained  from  it  an  alcohol  analogous 
to  those  discovered  by  yourself.  The  analysis  of  this  alcohol  and  of 
the  acid  derived  from  it  by  oxidation  (which  1  have  prepared)  agree 
with  the  formula  of  Melissin ;  the  melting-point,  however,  of  the 
alcohol,  89°  C,  and  of  the  acid,  91°  C,  indicate  the  higher  alcohol  of 
62  atoms  of  carbon.  I  am  engaged  with  further  experiments  which 
I  trust  will  shortly  decide  this  question." 

*  Ann.  Cli.  rnarin.  Ixxxviii.  129.  t  From  a  let  tor  lo  Mr.  I'.vodic 
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XV. — On  the  Composition  of  a  Specimen  of  Atacamite  from 
the  province  of  Copiapo,  Chili, 

By  Frederick  Field. 

A  mineral  consisting  essentially  of  chlorine,  copper,  and  water,  was 
originally  found  in  the  bed  of  the  river  Lipas,  in  the  desert  of  Atacama 
in  Peru,  and  from  this  circumstance  it  has  been  called  Atacamite, 
Since  its  discovery,  however,  it  has  been  observed  in  many  other 
localities ;  in  some  silver  mines  in  Peru,  as  well  as  in  the  copper 
districts  of  Huasco  Bajo  and  Aconcagua  in  Chili,  in  the  lavas  from 
Vesuvius,  and  the  mines  of  Schwarzenberg  in  Saxony.  I  have  recently 
observed  it  in  large  and  beautiful  masses  in  the  province  of  Copiapo. 
The  analyses  by  various  chemists  of  this  mineral  differ  very  much. 
Proust  gives  the  following  as  the  constitution  of  a  specimen  from. 
Chili  :*— 

Oxide  of  copper  ....  76-595 
Hydrochloric  acid  ....  10*638 
Water 12767 

100-000 
and  of  one  from  Peru  : — 

Oxide  of  copper      .....     70*5 

Hydrochloric  acid 11 '4 

Water 18-1 


100-0 


*  Ann.  Ch.  Phys.  [2]  xxxii.  49. 
VOL.  VII. — ^NO.  XXVI  f. 
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Klaproth  finds  another  specimen  to  contain — 

Oxide  of  copper 73*0 

Hydrochloric  acid 10*1 

Water 169 

1000 

Again,  Berthier  has  analysed  two  specimens  of  Atacamite  from 
Cobija  in  Bolivia,  and  gives  us  the  following  as  his  results : — 

I.  II. 

Chlorine 14-9  15-3 

Copper 13-3  13-5 

Oxide  of  copper       ....     50*0  54*1 

Water        .......     21-8  17'2 


100-0  1000 

Having  procured  some  beautiful  specimens  from  this  province 
while  visiting  a  mine  in  the  vicinity  of  Copiapo,  I  imagined  that  a 
brief  sketch  of  the  composition  and  character  of  the  mineral  would 
not  be  uninteresting,  more  especially  as  the  analyses  hitherto  made 
have  been  somewhat  conflicting,  owing  probably  to  the  difficulty  of 
obtaining  specimens  of  sufficient  purity  for  analysis. 

The  mineral  from  Copiapo  crystallises  in  right  rhombic  prisms,  as 
well  as  hexagonal  tables,  although  I  have  observed  them  also  in 
beautiful  stellated  crystals  radiating  from  a  centre.  They  have  a  deep 
emerald-green  colour,  are  perfectly  transparent  and  very  lustrous, 
giving  a  pale  apple-green  streak,  and  forming  a  similar  coloured  opaque 
powder  when  crushed.  Hardness  about  2*6 ;  spec.  grav.  4*25.  Before 
the  blow-pipe,  the  mineral  is  reduced  on  charcoal,  a  button  of  metallic 
copper  remaining ;  at  the  same  time  the  flame  is  tinged  with  a  deep 
blue,  with  green  edges.  The  mineral  is  perfectly  soluble  in  ammonia, 
very  slightly  so  in  water.  Hydrochloric  and  nitric  acids,  even  w^hen 
highly  dilute,  dissolve  it  without  effervescence.  It  was  associated  im- 
mediately with  brown  oxide  of  iron  and  carbonate  of  lime,  although 
in  the  same  vein  there  were  blue  sulphides  of  copper,  antimonial 
sulphide  of  copper  (Fahlerz)  and  carbonates  of  copper,  both  blue 
and  green.  Analysis  of  the  mineral  gave  me  the  following 
results : — 

I.  II. 

Chlorine 14'94  15*01 

Copper 56-46  56-24 

Water 17-79  18-00 
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Now  supposing  (which  is  probably  the  case)  that  one  equivalent  of 
copper  is  associated  with  one  of  chlorine,  the  remainder  being  in  the 
state  of  oxide,  the  following  would  be  the  constitution  of  the 
mineral : — 


I. 

II. 

Chloride  of  copper     . 

.     .     28-22 

28-35 

Oxide  of  copper    .     . 

.     .     53-99 

53-62 

Water 

.     .     17-79 

18-00 

100-00  99-97 

which  would  give  very  nearly  the  following  formula  : — 

CuC1.3Cu04-5HO. 

The  composition  of  the  mineral  from  Cobija,  analysed  by  Berthier, 
resembles  somewhat  those  from  Copiapo. 

Chloride  of  copper  .  . 
Oxide  of  copper  .  .  , 
Water 21-8 


Chloride  of  copper 
Oxide  of  copper 
Water      .     .     . 


I  Cobija. 

28-2 
500 
21-8 

From  Copiapo. 

28-22 
53-99 
17-79 

00-0 

100-00 

28-7 
54-1 
17-2 

28-35 
53-62 
18-00 

1000  99-97 


XVI. —  On  the  Corrosive  Action  of  Sugar  on  Iron  and  other  Metals. 
By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

Owners  of  iron-built  ships  frequently  object  to  sugar  freights, 
alleging  that  the  saccharine  juices  which  exude  from  the  casks  rust 
the  metal  deeply.  In  sugar  refineries  also  it  has  occasionally  hap- 
pened that  portions  of  machinery  made  of  iron  have  been  wholly 
dissolved.  Starting'  from  these  assertions  of  practical  men,  I  have 
made  the  following  observations. 

If  a  piece  of  iron  be  partially  immersed  in  a  solution  of  pure  cane- 
sugar,  and  it  be  set  aside  in  a  rather  warm   place,  where  air  has 
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access  to  it,  the  metal  will  soon  become  deeply  corroded  about  tbe 
edge  of  the  liquid ;  but  that  portion  which  is  permanently  immersed 
will  remain  bright  for  a  considerable  space  of  time.  The  solution 
then  contains  protoxide  of  iron,  which,  absorbing  oxygen  from  the 
atmosphere,  presently  separates  as  the  sesquioxide,  and  subsides  in 
the  form  of  a  red  powder,  leaving  the  sugar  free  to  exert  its  influence 
again  upon  the  metal.  In  this  manner,  the  action  becomes  con- 
tinuous, the  organic  principle  acting  as  a  carrier  of  oxygen ;  and  we 
can  readily  understand  how  a  small  quantity  of  sugar  may  eat  into  a 
large  sheet  of  iron. 

A  definite  compound  seems  to  be  formed  by  the  oxide  of  iron  and 
sugar.  It  is  very  soluble  in  water,  but  insoluble  in  alcohol.  Its 
solution  is  of  a  deep  red-brown  colour.  It  has  the  peculiar  astringent 
flavour  usually  belonging  to  iron  salts.  The  addition  of  ammonia  or 
potash  does  not  cause  the  precipitation  of  the  metallic  oxide  ;  neither 
do  alkaline  carbonates ;  but  a  black  precipitate  is  obtained  at  once  on 
the  addition  of  sulphide  of  ammonium,  and  a  pale  blue  colour  is 
produced  by  the  ferrocyanide  of  potassium,  and  a  deeper  blue  by  the 
ferridcyanide.  Nitric  acid  causes  at  once  the  formation  of  nitrous 
fumes,  after  which,  neutralisation  by  an  alkali  produces  an  abundant 
precipitate  of  the  sesquioxide.  When  boiled  with  sulphate  of  copper, 
the  red  oxide  also  precipitates.  A  stream  of  hydrosulphuric  acid 
passed  through  the  solution,  throws  down  the  whole  of  the  iron  as 
sulphide,  and  leaves  a  perfectly  neutral  solution,  containing  nothing 
that  could  be  distinguished  from  the  uncombined  sugar. 

This  compound,  then,  evidently  consists  of  protoxide  of  iron,  with 
sugar  but  little,  if  at  all,  altered.  The  determination  of  the  proportions 
in  which  these  substances  are  combined  is  attended  with  difficulty,  for 
the  substance  itself  shows  not  the  slightest  disposition  to  crystallise;  and 
the  separation  of  it  from  uncombined  sugar  by  means  of  alcohol  was 
not  found  to  be  sufficiently  practicable.  The  most  likely  way  to 
obtain  a  pure  substance  appeared  to  be  by  allowing  the  sugar  to 
saturate  itself  gradually  with  the  metallic  oxide. 

Accordingly,  some  sugar  solution,  which  had  been  left  in  a  warm 
place  with  iron  for  eighteen  months,  and  had  evaporated  to  dryness 
during  that  time,  was  examined.  When  redissolved  in  water  it 
contained  no  sugar,  unless  in  combination  with  the  metallic  oxide ; 
but  it  was  not  identical  with  the  preceding  compound.  It  was  insipid, 
with  a  slight  ferruginous  after-taste.  The  action  of  difl'erent  reagents 
upon  it  was  much  the  same  as  upon  that  first  produced ;  but  it  was 
much  more  stable,  not  being  aff'ected  by  the  oxygen  of  the  atmosphere. 
A  stream  of  hydrosulphuric  acid  caused  only  a  partial  decomposition, 
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setting  free  a  substance  which  had  a  decidedly  acid  reaction  to  test- 
paper,  though  an  insipid  taste.  The  acid  thus  partially  separated 
was  capable  of  dissolving  fresh  oxide  of  iron,  but  did  not  attack  the 
metal  itself,  though  immersed  in  it  for  some  days. 

A  portion  of  the  compound  just  described  was  evaporated  to  dryness 
in  a  water-bath,  weighed,  incinerated  in  a  platinum  crucible  with  the 
addition  of  a  few  drops  of  nitric  acid  to  ensure  the  complete  oxidation 
of  the  metal,  and  the  sesquioxide  of  iron  weighed. 

Sugar  compound  taken         .         .     6*603  grm. 
Sesquioxide  of  iron  obtained  .     1*263     „ 

which  is  equivalent  to  1*136  grm.  of  protoxide  of  iron,  or 
17*20  per  cent. 

This  is  almost  precisely  what  ought  to  be  obtained  from  a  com- 
pound of  single  equivalents  of  oxide  of  iron  and  sugar  : — 

Calculated.  Found. 

Protoxide  of  iron   .         .         .     17*39  17*20 

Sugar 82*61  82*80 


100*()0  100-00 

However,  this  must  be  taken  rather  as  an  approximative  than  as  an 
exact  expression  of  its  composition.  It  is,  indeed,  not  unlikely  that 
the  assumption  of  acid  properties  was  accompanied  by  a  slight 
oxidation  of  the  organic  principle.  From  the  analogy  of  the  baryta 
and  lime  compounds  of  sugar,  in  which  that  substance  loses  one 
equivalent  of  the  elements  of  water  in  combining  with  the  oxide,  we 
should  expect  the  formula  of  the  compound  first  formed  to  be 
Ci^H.oOio,  FeO. 

It  is  probable  that  these  two  are  not  the  only  compounds  produced 
by  the  action  of  sugar  on  iron;  for,  although  no  indications  were 
observed  of  any  soluble  compound  of  the  sesquioxide,  yet  the  red 
powder  deposited  from  the  solution  contained  more  or  less  of  some 
organic  principle  in  intimate  combination. 

Since  sugar  attacks  a  mass  of  iron  so  readily,  it  seemed  highly 
probable  that  it  would  dissolve  the  oxide  easily  ;  but  such  was  not 
found  to  be  the  case.  Some  freshly-precipitated  protoxide  of  iron, 
which  had  been  well  washed,  was  boiled  in  a  solution  of  pure  sugar, 
and  set  aside  with  il  for  a  period  of  twenty-four  hours  in  an  air-tight 
vessel,  but  not  a  trace  of  iron  was  found  in  the  solution.  A  second 
experiment  was  made,  in  which  the  oxide  of  iron  was  presented  in  a 
nascent  condition  to  the  organic  principle ;  a  solution  of  pure  cane- 
sugar  being  mixed  with  one  of  sulphate  of  iron,  and  the  whole  being 
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just  supersaturated  with  potash.  The  precipitated  protoxide  was 
separated  by  filtration ;  the  solution,  which  was  at  first  perfectly 
clear,  soon  became  turbid  from  the  formation  of  sesquioxide,  but  the 
amount  of  iron  actually  dissolved  was  extremely  small.  That  the 
solution  of  even  this  trace  depended  upon  the  presence  of  the  alkali, 
appears  probable  from  a  third  experiment,  where  a  large  excess  of 
potash  was  added  to  a  similar  mixture  of  sugar  and  sulphate  of  iron, 
and  a  deep  red  solution  was  obtained  containing  a  large  quantity  of  the 
metallic  oxide.  This  solution,  when  freely  exposed  to  the  air,  showed 
very  little  sign  of  absorbing  oxygen.  As  a  supplement  to  this 
experiment,  some  freshly  precipitated  and  washed  protoxide  of  iron 
was  mixed  with  a  quantity  of  potash  in  a  solution  of  sugar  contained 
in  an  air-tight  vessel.  After  the  mixture  had  stood  awhile,  protoxide 
of  iron  was  found  in  solution;  but  it  existed  in  but  very  small 
quantity,  even  after  the  expiration  of  a  month. 

In  order  more  fully  to  determine  the  nature  of  this  action  of  sugar 
on  iron,  a  piece  of  that  metal  was  immersed  in  a  solution  of  pure 
sugar  in  a  glass  tube  inverted  over  mercury,  in  such  a  way  as  to 
exclude  the  access  of  air  and  to  retain  any  gas  that  might  be  formed. 
After  the  lapse  of  three  tnonths,  it  was  found  that  not  a  particle  of 
any  permanent  gas  had  been  formed,  and  the  solution  remained  very 
nearly  as  colourless  as  at  first.*  It  thus  appears  that  the  sugar 
does  not  attack  the  iron  as  an  acid  does — by  causing  the  replacement 
of  hydrogen  by  the  metal,  and  the  consequent  evolution  of  that 
element  in  the  gaseous  form.  The  presence,  too,  of  free  oxygen 
appears  necessary  to  the  action ;  and  yet  it  has  been  seen  by  previous 
experiments  that  it  is  difficult  to  get  sugar  to  combine  with  the 
oxide  itself  unless  an  alkali  be  present,  when  doubtless  a  difierent 
compound  is  formed. 

Experiments  were  tried  with  various  strengths  of  the  saccharine 
solution,  and  with  brown  as  well  as  white  sugar ;  and  in  every  case 
the  iron  was  attacked.  In  order  to  test  the  effect  of  salts  in  con- 
junction with  the  sugar,  pieces  of  iron  were  placed  in  five  vessels 
containing  equally  strong  solutions  of  cane-sugar,  to  four  of  which 
had  been  added  respectively  chloride  of  sodium,  chloride  of  am- 
monium, nitrate  of  potash,  and  sulphate  of  magnesia.  After  awhile, 
protoxide  of  iron  was  found  in  all  the  five  solutions,  and  there  was 
about  an  equal  deposit  of  the  sesquioxide  in  the  different  cases.  The 
addition  of  chloride  of  sodium  to  a  mixture  of  freshly  precipitated 


*  In  a  similar  manner,  iron  vessels  are  employed  without  risk  in  sugar  refineries, 
where  the  vessel  is  always  kept  filled  with  the  saccharine  solution. 
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protoxide  of  iron  and  sugar,  did  not  cause  combination  to  take  place 
between  them.  A  piece  of  zinc  placed  in  contact  with  iron  in  the 
sugar  solution,  was  found  not  to  prevent  the  dissolving  of  that  metal, 
but  both  w^ere  attacked. 

The  eflfect  of  a  solution  of  sugar  upon  other  metals  was  tried ;  but 
none  was  found  to  be  affected  by  it  to  an  extent  at  all  comparable 
with  iron. 

Copper. — 'Considering  the  great  influence  which  the  presence  of 
sugar  exerts  in  preventing  the  precipitation  of  oxide  of  copper,  it 
might  be  anticipated  that  it  would  exhibit  an  action  on  the  metal 
itself  analogous  to  that  already  described.  But  it  is  not  so.  In  an 
experiment  made  in  the  summer  time,  a  few  weeks'  exposure  of 
pieces  of  copper  to  a  sugar  solution  showed  a  trace  of  the  metal 
dissolved  j  but  in  the  winter  time,  an  exposure  of  seven  months' 
duration  merely  produced  a  very  faint  blueness  of  the  saccharine 
liquid,  which  was  scarcely  blackened  by  the  addition  of  sulphide  of 
ammonium. 

Lead. — Lead  was  attacked  much  more  readily.  Three  days'  ex- 
posure in  warm  weather,  a  few  weeks  in  cold  weather,  or  a  few  hours 
at  a  boiling  temperature,  produced  a  solution  which  was  distinctly 
blackened  by  a  soluble  sulphide. 

Zinc. — This  metal  was  very  slowly  acted  upon.  Seventeen  days' 
exposure  in  warm  weather  was  found  to  give  a  solution  containing 
some  oxide  of  zinc  ]  but  about  forty  hours'  boiling  did  not  cause  the 
solution  of  a  sufficient  quantity  to  be  detected  by  the  ordinary 
reagents.  In  the  experiment  where  iron  and  zinc  in  contact  were 
exposed  to  the  sugar,  a  much  larger  proportion  of  the  zinc  appeared 
to  be  dissolved ;  after  the  oxidation  of  the  iron  by  nitric  acid  and 
the  removal  of  the  oxide  by  ammonia,  the  alkaline  solution  gave 
a  copious  white  precipitate  when  tested  with  hydrosulphuric  acid. 

Tin. — Tin  was  also  very  slowly  attacked.  The  small  quantity  at 
any  time  found  dissolved  was  in  the  condition  of  the  binoxide.  In  an 
experiment  in  which  the  sugar  solution  was  boiled  with  pieces  of  this 
metal  for  perhaps  forty  hours,  no  indication  of  it  in  the  liquid  was 
obtained. 

Mercury  and  Silver. — These  metals  were  not  found  to  be  acted 
upon  by  sugar  in  the  slightest  degree. 
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XVII. — Preliminary  Notice  on  the  Action  of  Ammonia  on  the 
Oils  and  Fats. 

By  Thomas  H.  Rowney,  Ph.D.,  F.C.S., 

ASSISTANT    IN    THE     COLLEGE     LABOEATOEY,    GLASGOW. 

Few  experiments  having  been  made  on  the  action  of  ammonia  on 
the  oils  and  fats,  I  have  turned  my  attention  to  this  subject,  and  in 
the  laboratory  of  Professor  Anderson,  of  Glasgow,  have  submitted 
several  oils  and  fats  to  the  action  of  ammonia. 

As  the  experiments  are  likely  to  occupy  some  considerable  length 
of  time — owing,  in  most  cases,  to  the  slowness  of  the  action — I  have 
thought  it  advisable  to  send  a  short  notice  of  some  compounds 
already  obtained,  reserving  for  a  future  period  the  full  details  of  my 
experiments. 

At  present  I  wish  to  confine  my  remarks  to  the  compounds 
obtained,  firstly,  by  the  action  of  ammonia  on  almond  and  castor  oils 
themselves,  and  secondly,  to  those  obtained  by  the  action  of  ammonia 
on  the  same  oils  after  they  have  been  solidified  by  the  action  of 
nitrous  acid  gas.  By  the  action  of  ammonia  on  almond  and  castor 
oils,  crystalline  compounds  are  obtained ;  that  from  almond  oil  I  have 
examined,  and  find  it  to  have  the  formula  Cgg  H35  NO2,  being  that  of 
oleamide. 

The  compound  from  castor  oil,  M.  Bonis  has  examined,  and  he 
gives  to  it  the  formula  C^q  H35  NO4,  and  names  it  Ricinolamide."^ 
When  nitrous  acid  gas  is  passed  into  almond  or  castor  oil,  these  oils  are 
converted  into  solid  compounds  called  Elaidine  and  Palmine.  In  the 
case  of  elaidine,  this  change  is  said  to  be  efiected  without  any  decom- 
position taking  place,  elaidic  acid  having  the  same  formula  as  oleic 
acid.  But  according  to  the  experiments  of  Playfair,  a  decomposition 
must  take  place  when  castor  oil  is  acted  upon  by  nitrous  acid,  as  he 
gives  the  formula  Cg^  H33  Og  to  palmic  acid,  which  difi'ers  from  that 
of  ricinoleic  acid  by  C2  H. 

To  ascertain  the  correctness  of  these  opinions,  I  have  subjected 
elaidine  and  palmine  to  the  action  of  ammonia,  and  have  obtained 
beautiful  crystalline  compounds  from  them,  differing  in  many  respects 
from  oleamide  and  ricinolamide,  but  having  exactly  the  same  formulae 
as  those  two  amides. 

*  This  compound  I  have  also  obtained,  but  did  not  examine  it,  M.  Bonis  having 
already  done  so. 
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From  these  results  it  would  appear  that  castor  oil  does  not  undergo 
any  decomposition  when  acted  upon  by  nitrous  acid,  but  that  the 
change  must  be  similar  to  that  which  takes  place  in  almond  oil  when 
it  is  subjected  to  the  action  of  this  acid.  The  formula  of  palmic  acid 
should  therefore  be  altered  to  Cgg  H34  Oq,  palmamide  being 
C36H35NO,. 

The  following  table  shows  the  relations  between  these  acids  and 
amides : — 

Oleic  acid.  Ricinoleic  acid. 

^36  1^34  ^i  ^36  H34  Og 

Oleamide.  Ricinolamide. 

C36H3,N02  C36H35NO4 

Elaidic  acid.  Palmic  acid. 

^36  H34  O4  C36  H34  Oq 

Elaidamide.  Palmamide. 

C36H3,NO,  C36H35NO4 

I  hope,  in  a  future  communication,  to  bring  before  the  notice  of 
the  Society  some  other  compounds  which  I  have  obtained. 


XVIII. — On  the  Substitution- Compounds  obtained  by  the  Action  of 
Nitric  Acid  on  Cotton. 

By  Edward  Ash  Hadow, 

STUDENT  IN  THE  LABOEATOEY  OF   EING's   COLLEaE,   LONDON. 

Analyses  of  Gun-cotton  have  been  published  by  M.  Pelouze, 
M.  Peligot,  Dr.  Gladstone,  Mr.  Forrett,  Mr.  Ransome,  and 
likewise  by  M.  Schonbein;  they,  however,  exhibit  a  remarkable 
want  of  agreement  with  each  other,  both  in  the  formulae  to  which 
they  give  rise,  and  in  the  percentage  increase  of  weight  which  they 
would  represent  the  cotton  to  have  obtained  on  its  transformation  into 
gun-cotton. 

M.  Pelouze  statps  that  cotton  constantly  gains  from  74  to  7Q  per 
cent.,  giving  the  formula  C04  Hjy  O^y,  5NO5,  corresponding  to  an 
increase  of  75  per  cent,  exactly.  M.  Peligot^s  formula  is 
C12  H9O9, 3NO5,  according  to  which  the  gain  must  be  94-4  per 
cent.     Mr.  Ransome  obtained  C^^  Hg  O^q,  2NO5,  which  represents 
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an  increase  of  65-4.  Dr.  Gregory  states  it  to  be  69*5,  which  cor- 
responds with  that  required  by  the  formula  which  Dr.  Gladstone 

XT 

ascribes  to  the  most  explosive  gun-cotton,  C24  { ^  ||q  }  Ojoi   while 

the  formula  of  Porrett  and  Teschemacher,  Ci^HgOg,  4NO5, 
would  double  the  original  weight  of  the  cotton.  M.  Schonbein 
gives  merely  the  percentage  of  carbon,  nitrogen,  hydrogen,  and  oxygen, 
from  which  the  lowest  formula  that  can  be  calculated  corresponds 
nearly  to  C47  H31  Ogg  Njo.  In  consequence  of  this  disagreement 
between  the  formulae,  giving  rise  to  so  marked  a  difference  in  the 
percentage  increase  of  weight  deduced  from  them,  it  was  evident  that 
a  careful  determination  of  the  weight  actually  acquired  by  cotton, 
after  immersion  in  acids,  ought  alone  to  throw  much  light  on  the 
matter,  by  pointing  out  the  formula  upon  which  most  reliance  was  to 
be  placed,  and  from  which  the  composition  of  the  soluble  variety 
might  be  determined,  provided  that  it  were  indicated  by  a  definite  and 
constant  increase  of  weight.  While  ascertaining  this  point,  I  was 
anxious  likewise  to  discover  what  strength  and  what  proportions  of 
acids  were  capable  of  producing  the  soluble  gun-cotton,  as  well  as 
whether  there  were  more  than  one  such  compound ;  expecting  that,  if 
such  were  the  case,  there  would  always  be  an  increase  of  weight 
closely  corresponding  to  two  or  more  numbers  from  which  formulae 
might  be  calculated,  or  by  which  at  least  the  results  of  analyses  might 
be  controlled. 

In  the  preparation  of  these  compounds,  nitric  acid  was  not  used 
alone,  since  a  very  slight  difference  in  strength  produced  a  great 
difference  in  the  result.  HO,  NO5  gives  an  insoluble  product,  while 
HO,  NO5  +  HO  destroys  the  texture  of  the  cotton;  and  having  ascer- 
tained that  when  sulphuric  acid  is  used,  no  trace  of  it  exists  in  any  of 
the  compounds,  a  mixture  of  the  two  was  always  used,  the  latter  acid 
being  advantageous  for  the  purpose  of  increasing  the  bulk  of  the 
mixture,  retaining  the  water  abstracted  from  the  cotton,  and  pre- 
venting the  solution  of  the  compound,  which  takes  place  to  a  greater 
or  less  extent  in  nitric  acid  alone.  The  mixtures  were  likewise  made 
in  atomic  proportions,  that  their  formulae  might  be  easily  retained  in 
the  memory,  and  similar  mixtures  be  prepared  from  acids  of  various 
strengths, — after  some  trials,  those  which  contained  1  equiv.  of  mono- 
hydrated  nitric  acid  with  2  equivs.  of  monohydrated  sulphuric  acid, 
proved  to  be  best,  and  mixtures  were  made  with  the  acids  in  this  pro- 
portion, with  from  1  to  5  additional  equivs.  of  water — the  fifth  was 
found  to  disintegrate  the  cotton.  The  results  obtained  from  100  of 
cotton  were  as  follows  : — 
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wn^in^''^  Insoluble  in  ether  +  J  alcohol, 

o/ur;  on  n]2HO  =  176       \      except   the   last,    which    is 
wn  wn  '^  «%^<^ly  attacked. 

SSa§63)]^I^^  =  l^^       ]  Very  soluble. 

^HO^SO  )  ]  5  H0=   ^^^Q^  ]  Soluble  in  great  measure. 

The  interval  between  the  third  and  fourth  appeared  in  some  degree 
to  correspond  to  what  had  been  expected ;  that  between  the  fourth 
and  fifth  was  doubtful,  from  the  loss  of  the  latter,  and  from  its  appa- 
rently containing  an  admixture  of  unchanged  cotton ;  but  on  trying 
fractional  additions  of  water,  a  corresponding  intermediate  increase  of 
weight  was  likewise  produced  in  the  cotton  :   e.  g, 

?(HrS03)!^*«0  =  ^««-*'         ?(h5%3)1'*HO  =  160-5, 

both  compounds  proving  perfectly  soluble.  It  was  likewise  found, 
on  repeating  these  experiments,  that  it  was  difficult  to  obtain  the 
same  increase  of  weight  unless  the  mixtures  corresponded  accurately 
in  composition.  The  cotton  in  these  experiments  was  thoroughly 
dried  in  a  current  of  dry  air  at  212°,  and  in  consequence  of  its  hygro- 
scopic properties,  was  weighed  in  the  same  tube  in  which  the  drying 
took  place.  At  first  the  gun-cottons  were  likewise  carefully  dried  at 
low  temperatures,  after  thorough  washing  in  distilled  water;  but  the 
results  not  being  found  quite  accurate,  and  a  gradual  loss  of  weight 
being  observed  at  temperatures  below  212°,  the  desiccation  was 
efi*ected  by  placing  them  in  vacuo  over  sulphuric  acid  for  twenty-four 
hours,  after  which  they  were  found  not  to  sustain  the  slightest 
diminution  in  weight.  The  acids  were  also  used  in  large  proportion 
to  the  quantity  of  cotton,  that  the  water  abstracted  might  have  no 
appreciable  efi'ect  in  diluting  the  mixture ;  and  as  a  precaution,  the 
immersion  was  continued  for  several  hours,  although  the  full  efi*ect 
appears  to  be  produced  in  a  very  short  space  of  time.  It  was,  how- 
ever, found  that,  notwithstanding  these  advantageous  conditions  for 
the  production  of  definite  compounds,  very  variable  increments  of 
weight  were  acquired  by  the  cotton,  ranging  from  about  40  per  cent, 
upwards. 

Immersion  in  acids  previously  warmed  was  then  tried,  but  as  the 
cotton  was  found  to  lose  weight  in  proportion  to  the  duration  of  the 


204  MR.  E.  A.  HADOW  ON  THE  SUBSTITUTION-COMPOUNDS 

immersion,  owing  to  a  slow  solution,  even  at  120°  F.,  nothing  could 
be  learnt  from  the  weighing  of  the  compound ;  in  other  respects, 
however,  the  result  of  the  experiment  with  hot  acids  proved  curious 

and  interesting,  from  the  fact  that  o/hq  SO  ^  1  ^  ^^'  ^^^^^  ^^  ^^° 
gave  rise  to  an  almost  insoluble  compound,  produced  at  130°  one 
perfectly  soluble  in  ether  +  J  alcohol :  the  other  acid  mixtures,  con- 
taining more  than  3  equivs.  of  water,  produced  soluble  compounds 
both  at  60°  and  130°,  but  their  solutions  differed  remarkably  in  one 
respect;  for  all  soluble  products  formed  at  ordinary  temperatures, 
when  dissolved  in  the  proportion  of  6  grains  to  the  ounce,  give  thick 
glutinous  solutions,  while  all  those  which  are  the  result  of  acids  at 
the  temperature  of  130°,  give  perfectly  fluid  ones,  which  produce,  on 
drying,  membranes  far  exceeding  the  former  in  strength  and  tough- 
ness, and  much  better  adapted  to  photographic  or  surgical  purposes. 
By  far  the  best  mixture  for  producing  collodion-wool  is  that  repre- 
sented by  the  formula  o/tto  ^n  \]  H-^i^HO,  which  is  obtained  by 


2(HO,S03) 

mixing  89  parts  by  weight  of  nitric  acid  sp.  gr.  =  1*424,  with  104 
parts  by  weight  of  sulphuric  acid  sp.  gr.  =  1-833.     As — 

r  Sulphuric  acid,    sp.  gr.  =  1-833  =2(H0,  SO3+    -33  HO)  =  103-9^ 
I  Nitric  acid,  sp.  gr.  =  1-424=    HO,  N05  +  2-84  HO  =  88-5] 

HO,  NO5  +  2(H0,  SO3)  +  3iH0  =  192-4 

These  specific  gravities  are  specially  referred  to,  from  their  being  those 
of  the  acids  most  frequently  met  with  in  commerce.  Good  collodion- 
wool  is  also  produced  by  stronger  acids,  if  there  be  not  less  water 

than  that  required  by  the  formula  9/1/0  ^o  ^  |  +  ^  HO,    and    the 


2(H0,S03, 

temperature  is  raised  to  130° ;  however,  the  stronger  the  acids,  the 
more  liable  is  the  collodion-wool  to  become  partially  insoluble  after 
drying.  If  there  be  less  than  three  additional  equivalents  of  water, 
the  products  are  equally  insoluble  whether  the  acids  are  employed 
hot  or  cold. 

Finding  that  the  weighing  of  the  product  resulting  from  the  action 
of  warm  acids  could  be  of  no  service  in  proving  the  existence  of 
definite  compounds,  I  tried,  at  Mr.  Hardwick^s  suggestion,  the  effect 
of  reimmersing  the  cotton  in  a  portion  of  the  same  cold  acid  mix- 
ture with  which  it  had  been  previously  treated,  noting  at  the  same 
time  whether  any  second  increase  of  weight  were  obtained.  The 
results  were  highly  satisfactory.      For  the  preparation  of  the  highest 
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compound,  a  mixture  was  made  of  2  volumes  of  the  strongest  sul- 
phuric and  1    vol.  of  colourless  nitric  acid,  sp.  gr.=  J  -521. 

27*5  grains  of  cotton,  after  some  hours^  immersion,  weighed,  after 
washing  and  drying  in  vacuo,  4988  grains,  corresponding  to  a  gain 
of  81*34  per  cent.  In  this  case,  it  was  hardly  expected  that  a  second 
immersion  would  cause  an  increase ;  by  experiment  it  was  found  to 
have  sustained  a  slight  loss,  as  it  now  weighed  49*62,  showing  that 
the  acids  have  a  slight  solvent  power,  even  at  ordinary  temperatures. 
This  increase  of  81*34  per  cent,  in  weight  does  not  correspond  with 
any  of  the  analyses  hitherto  published,  although  the  greatest  care  was 
taken  to  avoid  error,  on  account  of  ihe  important  aid  it  would  afford 
in  deducing  a  formula  for  this  and  other  compounds. 

Another  mixture,  corresponding  to  cymC)  SO  n  +4  HO,  gave,  at 

the  first  immersion,  an  increase  of  58*7  per  cent. ;  by  a  second  im- 
mersion it  was  found  to  have  increased  to  62*9  per  cent.,  thus  fully 
answering  our  expectations.  A  third  immersion  brought  it  to  64  per 
cent. 

On  account  of  the  great  difference  observed  between  the  products  of 

n/TTQ  oQ  \]  +3  HO,  and  the  same  +4  HO,  an  intermediate  mix- 
ture was  made.  The  first  immersion  gave  an  increase  of  67*3  per 
cent.;  a  second  immersion,  70  per  cent.;  a  third,  71*4  per  cent. 
Hence  it  was  concluded  that  there  were  at  least  three  compounds, 
of  which  from  100  of  cotton  there  would  be  obtained  quantities 
approximating  to  164,  172,  and  182;  and  it  is  probable  that  any  acid 
mixture  would  produce  such  a  definite  compound,  were  it  not  diluted 
at  the  same  time  by  the  water  it  abstracts,  which,  when  the  dilu- 
tion exceeds  a  certain  point,  gives  rise  to  a  second  compound,  the 
great  mass  of  the  liquid  probably  having  but  little  influence,  in  con- 
sequence of  the  imperfect  diffusion  arising  from  the  want  of  perfect 
fluidity,  and  the  adhesion  to  the  fibres  of  the  cotton  :  the  washing 
and  thorough  drying  then  enable  the  original  acid  mixture  to  raise 
the  second  compound  to  that  which  would  have  resulted  in  the  first 
instance  had  no  dilution  taken  place.  It  is  evident,  also,  that  the 
number  of  immersions  required  must  vary,  according  as  the  acid 
mixture  is  much  within  or  approaches  near  to  that  state  of  dilution 
which  limits  its  pojver  of  producing  a  certain  compound,  a  given 
quantity  of  water  having  much  more  effect  in  one  case  than  in  the 
other. 

In  trying  the  effect  of  various  reagents  on  gun-cotton,  I  ascertained 
that  it  could  be  perfectly  restored  to  the  original  cotton,  without  loss 
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of  form,  by  means  of  hydrosulplmret  of  potassium,  KS,  HS.  At 
Dr.  Miller's  suggestion,  this  was  made  use  of  to  effect  the  analysis 
of  the  compounds,  and  to  confirm  the  previous  results.  An  aqueous 
solution  was  first  tried,  but  found  to  occasion  loss  of  weight  on 
account  of  the  long  boiling  required  :  an  alcoholic  solution  was  there- 
fore prepared,  by  thoroughly  saturating  a  strong  alcoholic  solution  of 
potash  with  sulphuretted  hydrogen,  by  transmitting  the  gas  until  it 
would  absorb  no  more  and  ceased  to  give  a  precipitate  in  sulphate 
of  magnesia.  As,  however,  the  reduction  was  found  to  proceed  easily 
at  ordinary  temperatures,  it  proved  better  to  effect  the  change  by 
continuing  the  immersion  for  twenty-four  hours,  and  thus  avoid  the 
risk  of  decomposition  and  loss  which  prolonged  boiling  occasioned. 
That  the  cotton  so  obtained  was  free  from  nitrogen-compounds  was 
proved  by  strongly  heating  it  with  caustic  potash,  and  conducting  the 
gases  evolved  into  a  solution  of  litmus  very  faintly  reddened,  when 
the  colour  remained  unchanged ;  by  the  close  correspondence  in  the 
quantity  obtained  from  gun-cotton  with  that  originally  used,  or  the 
restoration  back  to  the  original  weight ;  and  by  its  possessing  all  the 
physical  characters  of  common  cotton,  which  differs  from  all  products 
obtained  from  it  by  the  action  of  acids  in  its  depolarising  action  on 
light,  and  in  its  far  greater  softness  and  compressibility  when  wet, 
and  also  by  the  action  of  HO,  SO3  +  HO,  which  dissolves  the  nitro- 
compounds, producing  a  solution  which  is  not  blackened  below  212°, 
while  common  and  reduced  cotton  are  completely  carbonised  below 
that  temperature. 

Two  combustions  of  the  reduced  cotton  have  been  made ;  one,  in 
which  the  determination  of  hydrogen  failed  in  consequence  of  an 
accident,  gave,  in  100  parts,  44)'4!  of  carbon ;  another,  made  by  Mr. 
Hardwick,  gave — 


Found. 

Calculated. 

Carbon     .     . 

.     44-86 

44-44 

=  12  C. 

Hydrogen     . 

.       6-64 

617 

=  10  H. 

Oxygen    .     . 

.     48-50 

.  49-39 

=  10  0. 

10000  10000 

The  other  products  of  the  atoms  of  KS,  HS  are  nitrite  of 
potash  (KG,  NO3),  and  a  little  ammonia.  No  trace  of  nitrate 
could  be  discovered  in  the  solution,  which  was  evaporated  to  dry- 
ness with  excess  of  acetic  acid  to  expel  the  nitrous  acid.  An 
attempt  was  made  to  turn  the  reaction  of  KS,  HS  upon  gun-cotton 
to  account  in  effecting  the  determination  of  the  nitrogen  by  this 
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means ;  but  the  results  were  unsatisfactory,  in  consequence  of  the 
co-existence  of  ammonia  and  nitrous  acid  in  the  liquid.  The  solution 
could  not  be  heated  to  expel  the  former  without  risk  of  loss  in  the 
weight  of  the  reduced  cotton,  neither  could  the  ammonia  be  retained 
by  addition  of  an  acid,  without  escape  of  NO2,  from  the  reaction  of 
sulphuretted  hydrogen  and  nitrous  acid  on  each  other. 

An  altogether  different  mode  was  therefore  adopted,  which  consisted 
in  making  a  solution  of  the  compound  in  pure  sulphuric  acid,  and 
after  conversion  of  the  oxides  of  nitrogen  into  nitric  acid  by  means 
of  some  oxidating  agent,  estimating  its  amount  by  the  method  of 
M.  Pelouze,  depending  on  its  property  of  converting  proto-  into 
perchloride  of  iron,  and  from  the  amount  of  the  latter  calculating  the 
former.  Before  performing  this,  the  properties  of  a  solution  of  gun- 
cotton  in  sulphuric  acid  were  examined.  A  portion,  immersed  in  cold 
concentrated  sulphuric  acid,  soon  dissolves,  without  evolution  of 
any  gas,  producing  a  clear,  colourless  solution  ;  if  this  be  poured  at 
once  into  five  or  six  times  its  bulk  of  water,  so  that  the  temperature 
does  not  rise  before  dilution  takes  place,  the  clear  solution  obtained 
gives  no  evidence  whatever  of  nitric  acid,  or  any  oxide  of  nitrogen,  even 
though  raised  subsequently  to  the  boiling  point ;  neither  does  it  dis- 
colour solution  of  permanganate  or  chromate  of  potash.  If,  however, 
the  original  solution  in  concentrated  acid  be  diluted  with  only  once, 
or  even  twice,  its  bulk  of  water,  a  violent  effervescence  ensues,  with 
abundant  evolution  of  nitrous  acid  (NO3)  or  peroxide  of  nitrogen 
(NO4),  together  with  carbonic  acid.  If,  again,  the  solution  in  con- 
centrated acid  be  heated  before  dilution,  carbonic  acid  is  evolved, 
while  the  oxides  of  nitrogen  are  retained,  provided  that  the  sulphuric 
acid  is  in  sufficient  excess :  if  it  be  now  diluted  with  water,  nitric 
oxide,  NOg,  escapes  with  effervescence.  It  became  necessary,  there- 
fore, to  effect  the  complete  conversion  of  the  nitrogen  oxides  into 
nitric  acid.  After  trial  of  various  oxidising  agents,  the  object  was 
successfully  attained  by  the  use  of  bichromate  of  potash,  which  imme- 
diately peroxidises  NO3  and  NO^,  but  is  without  action  on  NOg : 
hence  it  was  necessary  to  use  a  solution  of  gun-cotton  in  pure 
sulphuric  acid  made  in  the  cold,  which  was  then  added  to  a 
strong  solution  of  bichromate  contained  in  a  retort ;  the  mixture 
(which  immediately  acquired  a  dark  green  tint,  from  reduction  of  the 
chromic  acid)  was  carefully  distilled,  precaution  being  taken  to  ensure 
the  entire  expulsion  of  the  nitric  acid,  which  was  then  estimated,  as 
above  stated,  by  Pelouze' s  method. 

The  quantity  of  cotton  in  a  given  sample  of  gun-cotton  having  been 
determined  by  reduction  by  KS,  HS,   and  the  nitrogen  by  the  above 
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method,  it  is  easy  to  see  whether  the  compound  contains  any  atoms  of 
NO5  not  displacing  an  equivalent  number  of  atoms  of  HO.  The 
following  results  of  analysis  leave  no  doubt  that  it  is  purely  a  substi- 
tution compound : — 

Compound  A. — Produced  by  action  of  strongest  acids,   and  most 
probably  by  repeated  immersion  in  any  mixture  not  weaker  than 

2  (i\Ci  SO  "i  f+^HO.     Quite  insoluble  in  any  mixture  of  ether 

and  alcohol^  but  soluble  in  acetic  ether.     Highly  explosive. 

I.  27*5   of  pure  cotton   gave,    by  three   hours'  immersion   in 
strongest  acid,  49*88  first  time ;  49-6  second  time. 
II.     6"85  of  this  gun-cotton  gave  by  reduction  3*78  of  cotton. 

III.  6*37  of  gun-cotton  by  reduction  gave  3*48  of  cotton. 

IV.  20-50  of  gun-cotton  gave  N05=  10-84. 

By  Calculation. 
By  Synthesis.  By  Analysis.  ^36  "^21  ^30  "  ^^  ^4' 

I.  II.  III. 

Cotton  found    .     55-13  54-6     55-19  54-54 

NO4-H     .     .       —  —       4407  45-46 


99-26  100-00 

The  composition  of  cotton  being  fully  determined  by  the  analyses 
of  MM.  Mitscherlich,  Pelouze,  and  Payen,  to  be  in  the  proportion 
of  C12H10O10J  *^®  preceding  analysis  would  give  rise  to  the  formula 

C,.?lulo,o=891. 


'3fi9NOj^3o- 


100  cotton  produced  181*34:  by  calculation,  183-3. 

Compound  B. — Produced  most  probably  by  any  acids  of  composition 
intermediate  between 

HO,  NO5      1^0  Tin  o^^  HO^  N^5      1  .  A  wn 
2  (HO,  SO3)  I  +  ^  ^^' ^^^  2  (HO,  SO3) }  +  ^  ^^- 

That  which  was  examined  was  obtained  by  several  immersions  in 
9  mo  soU"''^^^^*  ^*  ^®  explosive,  yet  perfectly  soluble  in 
ether  + -g^  alcohol ;  quite  insoluble  in  acetic  acid. 

I.  27*6  grains  of  cotton  gave,  by  first  immersion  in  the  above 
mixture,  46-2  grains;  by  the  second  immersion,  47*1;  by 
the  third,  47-31. 
II.  By  reduction,  6-08  grs.  of  the  compound  gave  3*50  of  cotton. 
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Calculated. 

From  Synthesis.      By  Analysis.         ^36  ^22  ^30>  Q^^4- 
I.  II. 

Cotton  found  .     58'34  57*56  57-45 

NO.^-H     .     .        —      (not  determined)  42'55 


100-00 


TT  N 

Formula  would  be  Cgg  ^  ^^   [  O3Q  =  846. 
100  of  cotton  produced  171-4 :  by  calculation,  174. 

Compound  C. — Produced  by  ^  /itq  ^q  v|+4H0.  Like  the  pre- 
ceding, this  compound  is  very  soluble  in  ether,  but  differs  from  it 
in  being  likewise  perfectly  soluble  in  glacial  acetic  acid.  In  this, 
as  in  the  former  compounds,  the  cotton  fibre  is  quite  uninjured. 
It  is  highly  combustible,  rather  than  explosive,  and  burns  with  a 
slow  jet  of  flame  when  rammed  into  a  tube  and  ignited. 

I.  24*1  grs.  of  cotton  weighed,   after  first  immersion,  38-26 ; 
after   second   immersion,   39*26;    after   third   immersion, 
39-53. 
II.  By  reduction,  9*94  grs.  of  the  compound  gave  6-00  of  cotton. 

By  Calculation. 

By  Synthesis.        By  Analysis.         ^86  ^23  ^30  *  ^^^4' 
I.  II. 

Cotton  found  .     60*96  60*36  60*67 

NO4-H     .     .        —        (not  determined)  39*33 


100*00 


H, 


Formula,  Q,,  ^23^^630  =  801. 

100  cotton  produced  164*0:  by  calculation,  1648. 

Compound  D. — The  existence,  composition,  and  identity  of  this  com- 
pound with  xyloidine,  are  inferred  from  the  following  reasons : — 

1st.  There  is  a  compound  lower  than  C,  since 

HO,  NO,      l^jjQ 
2  (HO,  SO 3)]+^*^'^ 

produces,  by  on^  immersion,  an  increase  of  only  59  per  cent., 
yet  this  product  is  perfectly  soluble;  if,  however,  C  were  the 
last,  all  products  not  attaining  64  per  cent,  in  their  amount  of 
increase  would  contain  unchanged  cotton,  and  would  be  only 
partially  soluble. 
VOL.  VIL  —  NO.  xxvir.  p 
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2nd.  The  product  of  the  action  of  ^  /ttq  sq  n  I"  +^  ^^^>    ^" 

which  the  texture  of  the  cotton  is  more  or  less  destroyed,  is  only 
partially  soluble  in  ether, — cotton,  apparently  unchanged,  re- 
maining behind ;  it  thus  appears  that  the  soluble  portion  is  the 
lowest  compound  obtainable  by  the  action  of  the  mixed  acids  on 
cotton. 

3rd.  As  the  next  member  in  the  series,  its  composition  would 

^^  ^36  [  a  NO  ]  ^30'  which  exactly  corresponds  with  that  as- 
signed to  xyloidine;  and  100  of  cotton  should  yield  155*5.  The 
soluble  portion  of  these  products  further  corresponds  with  xyloi- 
dine in  giving, an  opaque  film  on  drying,  and  in  its  solubility 
in  glacial  acetic  acid.  Although  the  xyloidine  of  woody  fibre 
and  starch  agree  in  composition,  they  may  be  distinguished  by 
the  action  of  KS,  HS,  which  reduces  each  to  its  proximate  con- 
stituents, when  the  usual  reaction  with  iodine  may  be  obtained 
in  the  one  case,  but  not  in  the  other. 

The  modifications  produced  by  the  action  of  hot  acids  have  not  yet 
been  examined ;  there  is  in  these  cases  greater  difficulty  of  avoiding 
loss  in  washing,  in  consequence  of  their  disintegrated  state,  if  im- 
mersed sufficiently  long  to  obtain  definite  compounds.  It  is  evi- 
dent, however,  that  there  are  at  least  two,  produced  respectively  by 

9,  (lid  ^O  H  "^  ^  ^O,  and  +  4H0,  since  the  former  becomes  insoluble 

after  drying,  while  the  latter  remains  soluble.  All  the  compounds 
soluble  in  ether  give  transparent  films  on  drying,  except  D.  The 
presence  of  this  last-named  compound  is  one  of  the  causes  of  opacity 
on  the  drying  of  some  collodions ;  the  other  causes  are,  water  in  the 
alcohol  or  ether,  or  the  presence  of  acetic  ether.  All  these  compounds 
may  be  prepared  with  mixtures  containing  much  larger  proportions 
of  sulphuric  acid  and  water ;  but  these  have  the  disadvantage  of  rapidly 
dissolving  the  compounds  if  used  warm. 

While  endeavouring  to  ascertain  the  state  in  which  nitrogen  exists 
in  these  compounds,  I  was  led  to  examine  the  action  of  caustic  potash 
on  the  highest  compound,  with  which,  as  is  well  known,  it  produces  a 
solution  capable  of  reducing  salts  of  silver  to  a  mirror-like  surface  upon 
the  vessel  that  contains  them.  The  decomposition  of  gun-cotton  by  a 
solution  of  potash  takes  place  slowly  at  ordinary  temperatures,  but 
almost  instantly  on  raising  it  to  160*^;  each  portion  then  immersed 
causes  a  considerable  extrication  of  heat,  by  which  the  temperature  is 
soon  raised  to  the^  boiling  point,   and  ammonia  is  evolved  with  eff'er- 
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vescence.  In  making  the  solution  for  examination,  the  temperature 
was  kept  at  150°,  to  avoid  the  formation  of  secondary  products ;  at 
this  point  the  gun-cotton  quietly  disappears  without  effervescence, 
producing  at  last  a  dark  treacly  fluid.  This  was  diluted,  neutralised 
with  acetic  acid,  and  precipitated  by  neutral  acetate  of  lead;  the  liquid 
filtered  from  the  precipitate  gave  a  further  abundant  precipitate  with 
the  basic  acetate,  from  which  it  was  at  first  concluded  that  there  were 
two  distinct  acids  present;  this,  however,  was  afterwards  found  to 
arise  from  the  solubility  of  the  lead  precipitate  in  the  acetate  of  potash 
that  had  been  formed,  from  which  solution  the  basic  acetate  again 
precipitates  it.  The  liquid  filtered  from  both  precipitates  contained 
nitrite  and  nitrate  of  potash.  The  lead  precipitates,  after  thorough 
washing  on  a  linen  filter,  were  diffused  through  water  and  decomposed 
by  sulphuretted  hydrogen,  during  which  process  effervescence  occurred, 
with  escape  of  NOg,  showing  that,  notwithstanding  the  washings  the 
precipitates  had  undergone,  they  still  retained  a  portion  of  nitrate. 
The  brownish  solution  obtained  was  again  precipitated  by  acetate  of 
lead,  washed,  and  decomposed  as  before,  when  a  pale  yellow  strongly 
acid  liquid  was  obtained,  retaining  the  original  reducing  power  upon 
the  salts  of  silver  unimpaired,  and  capable  of  rapidly  decomposing 
carbonates  with  effervescence.  Its  power  of  forming  crystalline  salts 
was  examined  by  slowly  evaporating  a  solution  of  the  compound  on  a 
slip  of  glass,  and  viewing  it  under  the  microscope.  The  ammonia- 
salt  appearing  to  be  the  most  promising,  the  liquid  was  neutralised 
with  ammonia,  and  allowed  to  evaporate  in  vacuo.  After  some  time 
little  tufts  of  prismatic  crystals  formed ;  on  examination,  however, 
these  were  found  to  be  devoid  of  reducing  power,  and  proved  to  be 
oxalate  of  ammonia.  That  the  oxalic  acid  had  not  been  formed  by  the 
subsequent  processes  was  proved  by  detecting  it  in  the  original  solu- 
tion of  gun-cotton  in  cold  aqueous  potash.  The  liquid,  freed  from 
oxalic  acid  by  nitrate  of  lime,  was  found  to  possess  many  of  the  cha- 
racters of  saccharic  acid,  such  as  its  property  of  carrying  down  nitrites 
with  its  lead- salt,  and  its  reducing  power  on  salts  of  silver,  which  is 
manifested  in  both  cases  on  adding  to  the  respective  solutions,  a  portion 
of  a  solution  of  nitrate  of  silver,  ammonia  sufficient  to  cause  a  clear 
solution,  and  subsequently  caustic  potash,  without  which  in  either  case 
no  mirror-like  deposit  will  take  place,  even  on  boiling ;  in  certain 
proportions  the  colonr  of  the  reduced  silver  is  identical.  Like  the 
neutral  saccharates,  the  neutral  salts  of  this  acid  (which  might  be 
termed  pyroxilic  acid  until  its  identity  with  some  other  is  proved) 
likewise  give  precipitates  with  salts  of  lime,  baryta,  and  cadmium.' 
The  principal  differences  between  the  two  acids  are,  that  no  crystalhne 
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acid  pyroxalate  of  potash  could  be  obtained,  the  solution  drying  i?i 
vacuo  to  a  gummy  mass,  whereas  the  acid  saccharate  is  very  easily 
crystallised;  and  that  the  saccharates  of  the  above-mentioned  bases  are 
far  more  soluble  in  the  heat  than  in  the  cold,  and  are  visibly  crystalline 
under  the  microscope ;  while  the  pyroxalates  of  lime  and  baryta  are 
but  slightly  soluble  on  warming  the  liquid,  and  that  of  cadmium  does 
not  redissolve  at  all  on  the  mere  application  of  heat,  though,  like  the 
saccharate,  it  is  readily  soluble  in  an  excess  of  the  salt  of  cadmium. 
The  precipitates  are  likewise  all  amorphous,  with  the  exception  of  the 
lime-salt,  which  has  the  form  of  little  nodules.  I  have  not  been  able 
further  to  examine  the  properties  of  this  acid,  or  obtain  a  compound 
with  the  certainty  of  its  being  sufficiently  pure  for  analysis,  in  conse- 
quence of  the  want  of  crystalline  form  and  the  obstinacy  with  which  a 
portion  of  colouring  matter  is  retained. 


XIX. — On  a  New  Method  of  Estimating  Sulphur. 
By  William  J.  Russell,  P.C.S. 

The  methods  at  present  in  use  for  the  estimation  of  sulphur, 
especially  when  it  is  contained  in  organic  compounds,  are  well  known 
to  be  very  imperfect.  The  following  research  was  therefore  undertaken 
at  the  suggestion  of  Professor  Bunsen,  before  commencing  a  more 
extended  one  on  some  compounds  containing  this  element.  The 
principle  of  the  method  consists  in  oxidating  the  sulphur  by  means 
of  oxide  of  mercury,  the  mercurial  vapour  given  off  eiFectually  pre- 
venting any  explosion.  From  the  analyses  which  have  been  made  in 
order  to  test  the  accuracy  of  the  method,  it  will  be  seen,  that  it  is 
inferior  in  this  respect  to  none  of  the  processes  of  organic  analysis. 
The  method  is  also  easy  of  performance,  and  applicable  to  all  sub- 
stances containing  sulphur.  The  analyses  are  made  in  the  following 
manner : — 

An  ordinary  piece  of  combustion-tube  is  closed  at  one  end;  for 
most  inorganic  substances,  and  such  as  are  easily  burnt,  it  need  not 
be  more  than  thirteen  or  fourteen  inches  in  length.  From  two  to 
three  grms.  of  pure  oxide  of  mercury  are  first  introduced  into  the 
tube,  and  then  a  mixture  of  equal  weights  of  carbonate  of  soda  and 
oxide  of  mercury.  If  the  substance  to  be  analysed  is  a  solid,  the 
process  of  introduction  and  mixing  is  exactly  similar  to  that  followed 
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in  an  ordinary  organic  analysis.  The  method  to  be  used  when  the 
substance  is  a  volatile  liquid  will  be  described  when  speaking  of  the 
analysis  of  bisulphide  of  carbon.  A  cork  with  a  small  bent  tube, 
which  is  made  to  dip  into  water,  is  inserted  into  the  end  of  the 
combustion-tube,  to  enable  the  operator  to  regulate  the  stream 
of  oxygen  and  condense  the  mercurial  vapours.  Before  commencing 
the  heating,  the  screen  must  be  placed  just  in  front  of  that  part  of  the 
tube  containing  the  substance  to  be  analysed.  Coals  are  then  applied, 
so  that  some  two  inches  of  the  tube  immediately  before  the  screen  is 
strongly  heated,  and  should  be  kept  so  during  the  whole  analysis. 
At  the  same  time,  another  part  nearer  the  front  of  the  tube  is  also 
heated,  but  not  so  strongly ;  there  are  thus  alternate  portions  of  the 
tube  in  which  no  decomposition  of  the  oxide  of  mercury  is  taking 
place.  In  the  case  of  a  volatile  liquid  being  analysed,  this  is  of  great 
importance,  for  if  the  whole  of  the  front  of  the  tube  were  heated  at 
once,  the  oxide  of  mercury  would  be  entirely  decomposed  long  before  the 
substance  could  be  properly  burnt ;  but  by  this  means,  not  more  of  the 
tube  need  be  heated  at  one  time  than  is  necessary  to  keep  up  a  continuous 
and  regular  stream  of  oxygen.  The  screen  should  be  removed  as  soon 
as  that  part  of  the  tube  immediately  in  front  of  it  has  attained  a  bright 
red  heat;  and  in  the  case  of  a  non- volatile  substance,  the  heating  may  be 
carried  on  rapidly,  so  that  the  whole  combustion  does  not  take  above 
ten  or  fifteen  minutes.  Simultaneously  with  the  heating  of  the  part  of 
the  tube  containing  the  substance  to  be  analysed,  coals  are  applied  at 
those  places  which  were  at  first  left  unheated,  and  last  of  all,  the 
tube  being  now  at  a  bright  red  heat,  the  oxide  of  mercury  first  intro- 
duced is  decomposed.  The  gas  given  off  during  the  combustion,  as 
it  bubbles  through  the  water,  may  from  time  to  time  be  tested  by 
means  of  a  splinter  of  wood  which  has  been  ignited,  in  order  to  be 
sure  that  there  is  always  a  considerable  excess  of  oxygen.  When  the 
oxide  at  the  end  of  the  tube  has  entirely  disappeared,  the  whole  is 
allowed  to  cool,  and  the  contents  of  the  tube  afterwards  emptied  out 
into  a  beaker  glass,  and  dissolved  up  in  water.  It  will  generally  be 
found  that  a  little  oxide  of  mercury  in  some  part  of  the  tube  has 
escaped  decomposition  ;  in  case  none  should  be  present,  it  is  well  to 
add  a  little,  or,  what  is  still  better,  a  few  drops  of  chloride  of  mercury ; 
for  it  often  happens  that  a  trace  of  sulphide  of  sodium  is  formed, 
which  would  be  decomposed  on  acidulating  the  solution,  and  thus 
cause  a  loss  of  sulphur. 

Hydrochloric  acid  is  now  added  to  the  solution  in  the  beaker,  and 
the  tube  well  washed  out  with  it.  If  sulphide  of  mercury  be  present, 
the  solution  is  warmed,  and  the  clear  liquid  run  through  a  filter;  to 
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what  remains  in  the  beaker  glass  some  more  hydrochloric  acid  is 
added,  and  a  small  crystal  of  chlorate  of  potash ;  and  the  whole 
again  slightly  warmed.  If  the  filter  appears  to  have  any  trace  of 
sulphide  of  mercury  upon  it,  it  should  also  be  put  into  the  solution. 
By  this  means,  every  trace  of  sulphide  will  in  a  very  few  minutes  be 
found  to  be  entirely  oxidised.  The  solution  is  then  filtered,  and  the 
sulphuric  acid  precipitated  in  the  ordinary  way  by  chloride  of  barium. 
The  carbonate  of  soda  in  general  use  is  well  known  to  contain  sulphuric 
acid  and  other  oxides  of  sulphur ;  and  from  these  it  is  almost  impossible 
to  render  it  entirely  free.  The  following  method  was  therefore 
adopted  : — The  carbonate  of  soda,  after  being  made  entirely  anhydrous, 
and  finely  powdered,  is  mixed  with  an  equal  weight  of  oxide  of 
mercury,  and  the  two  very  thoroughly  incorporated  together  so  as  to 
obtain  a  substance  of  perfectly  uniform  composition.  Some  thirty  or 
forty  grms.  of  the  mixture  are  now  weighed  out  and  heated  in  a 
combustion-tube,  and  the  amount  of  sulphuric  add  which  it  gives 
carefully  estimated.  This  correction  for  the  excess  of  sulphur  is  then 
applied  to  all  the  analyses  made  with  this  mixture. 

The  following  are  some  of  the  results  which  have  been  obtained  by 
this  process,  and  will  show  how  universally  it  may  be  applied,  and 
what  accurate  results  it  gives.  In  the  first  instance,  pure  crystallised 
sulphur  was  taken. 

Quantity  used,  0*121. 

Sulphate  of  baryta  obtained,  0*8827,  corresponding  to  0"121 
sulphur. 

With  sulphocyanide  of  potassium,  the  following  result  was  ob- 
tained : — 

Quantity  taken,  0'5608. 

Sulphate  of  baryta  obtained,  1-3414. 

Calculation.  Experiment. 

Cyanogen      .     .     .     .     .     26*804  — 

Potassium 40*206  — 

Sulphur 32*989  32*80 

In  order  now  to  test  the  method  in  a  still  severer  manner,  bisulphide 
of  carbon  was  next  taken,  which,  from  the  very  volatile  nature  of  the 
compound  and  the  large  amount  of  sulphur  which  it  contains,  is 
undoubtedly  a  difficult  substance  to  analyse. 

The  combustion-tube  to  be  used  for  bodies  of  this  nature  should  be 
of  considerable  length. 

To  prevent  loss  by  evaporation,  the  following  plan  was  adopted.  One 
end  of  the  bulb  to  contain  the  liquid  is,  as  usual,  drawn  out  into  a  long 
.  and  thin  tube ;  the  other,  after  being  sealed  up,  is  agam  heated,  and 
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while  soft  pressed  upon  a  flat  surface,  so  as  to  make  the  end  of  that  form. 
The  bulb  is  filled  and  weighed  in  the  ordinary  manner,  but  introduced 
into  the  combustion-tube  unbroken.  Before  commencing  the.  heating, 
a  thin  glass  rod  is  introduced  into  the  combustion-tube  and  pushed 
so  far  up  it  as  just  to  come  in  contact  with  the  flattened  end  of  the 
bulb.  The  screen  is  now  put  into  its  place,  a  little  in  front  of  the 
liquid,  and  the  heating  commenced.  The  coals  must  be  applied  at 
three  different  places ;  namely,  near  to  the  open  end  of  the  tube, 
immediately  in  front  of  the  screen,  and  at  a  part  between  the  two. 
As  before  stated,  the  part  near  to  the  screen  is  heated  most  strongly, 
for  it  is  well  to  have  one  portion  of  the  tube  more  free  from 
mercurial  vapours  than  the  rest.  As  soon  as  the  mercury  has  begun 
to  volatilise  from  this  part,  the  glass  rod  is  pushed  against  the  end 
of  the  bulb,  thus  breaking  the  fine  extremity  of  it  against  the  closed 
end  of  the  combustion-tube.  The  rod  is  then  withdrawn,  and  the 
cork  with  a  bent  tube  may  be  fitted  in.  The  iron  screen  should  now 
also  be  removed,  and  a  small  paper  one  placed  across  the  combustion- 
furnace  a  little  beyond  where  the  bulb  is,  so  that  the  hot  coal  which 
is  applied  to  drive  the  bisulphide  of  carbon  out  of  the  bulb  may  not 
immediately  evaporate  it.  As  soon  as  the  heat  from  the  coals,  which 
should  never  be  more  than  three  or  four  inches  from  the  broken  end 
of  the  bulb,  has  made  that  part  of  the  tube  hot,  the  paper  screen  is 
removed.  If  the  coals  be  farther  off  than  this,  a  little  of  the  bisulphide 
of  carbon  is  apt  to  take  fire  inside  the  tube  as  it  is  volatilised,  owing 
to  there  not  being  a  sufficient  quantity  of  mercurial  vapour  in  that 
part,  and  thus  cause  a  too  rapid  evolution  of  gas.  The  fire  is 
gradually  advanced  to  the  end,  and  at  the  same  time  more  and  more 
of  the  front  part  of  the  tube  brought  to  a  state  of  redness.  The 
following  are  the  analyses  of  bisulphide  of  carbon  made  according  to 
this  method : — 

FIRST  EXPERIMENT. 

Quantity  taken,  0*157. 

Sulphate  of  baryta  obtained,  0*9645. 

SECOND  EXPERIMENT. 

Quantity  taken,  0*1 56. 

Sulphate  of  baryta  obtained,  0*9569. 

Calculation.  1st  Expt,  2nd  Expt. 

Carbon       .*   .     ...     15*79  —  — 

Sulphur     ....     84*21  84*26  84*13 
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XX. — On  $ome  New  Compounds  of  Phosphorous  Acid. 
By  Robert    Railton,  F.C.S., 

STUDENT   IN    THE   LABOEATOEY   OF   UNIVEESITY   COLLEGE. 

According  to  Wurtz's  view  of  the  constitution  of  the  phosphites, 
they  are  all  bibasic.  The  crystallised  hydrate  of  phosphorous  acid 
contains  three  atoms  of  water,  two  of  which  are  basic,  and  may  be 
replaced  by  two  atoms  of  a  metallic  oxide;  but  the  third,  he  says,  is 
inseparably  bound  up  with  the  acid,  and  is  essential  to  its  existence 
as  an  acid.  Phosphorous  acid  may,  indeed,  be  regarded  as  phos- 
phoric acid  in  which  one  atom  of  oxygen  is  replaced  by  hydrogen. 
According  to  this  view,  the  formula  of  the  crystallised  hydrate  will 
be  2H0,  PHO4,  and  the  general  formula  of  a  phosphite  2M0,  PHO4. 

The  experiments  forming  the  subject  of  the  present  paper  were 
made  with  the  view  of  proving  that  the  hydrogen  which  Wurtz  con- 
siders essential  to  the  existence  of  a  phosphite,  may  be  replaced  by 
ethyl,  amyl,  &c. 

A  quantity  of  ethylate  of  soda  was  prepared  by  acting  upon  per- 
fectly absolute  alcohol  with  sodium,  and  evaporating  to  dryness  at  a 
temperature  of  about  120°  C.  A  retort  was  used  of  about  three 
times  the  capacity  required  for  the  bulk  of  ethylate  of  soda  produced. 
The  retort  containing  the  dry  ethylate  of  soda  was  connected  with  an 
apparatus  for  upward  distillation,  and  a  funnel,  which  admits  of  being 
closely  corked,  was  secured  in  the  tubulure.  On  the  opposite  page 
is  a  sketch  of  the  apparatus  used ;  but,  of  course,  any  other  arrange- 
ment which  will  cause  the  condensed  vapour  to  return  into  the  retort 
will  answer  the  purpose. 

For  every  three  atoms  of  sodium  used',  one  atom  of  terchloride  of 
phosphorus  was  weighed  out  and  mixed  with  five  times  its  bulk  of 
pure  ether. 

This  mixture  was  introduced  into  the  retort  by  the  funnel,  a  few 
drops  at  a  time,  the  retort  during  the  whole  of  the  process  being 
heated  up  to  the  boiling  point  of  ether  by  a  water-bath.  The  intro- 
duction of  the  mixture  of  ether  and  terchloride  of  phosphorus  occupies 
a  considerable  time,  and  must  be  conducted  with  caution,  as  the 
action  on  each  successive  introduction  is  somewhat  violent.  After  all 
the  terchloride  of  phosphorus  had  been  introduced,  the  heat  was  con- 
tinued until  the  vapour  evolved  no  longer  reddened  blue  litmus  paper. 

The  ether  was  then  distilled  off  by  the  water-bath,  the  retort  trans- 
ferred to  an  oil-bath,  and  the  oil  gradually  heated  up  to  200°  C,  at 
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The  end  of  the  tube  J  dips  mto  mcrcurj. 


which  point  it  was  steadily  maintained  until  the  whole  of  the  new 
product  was  eliminated. 

When  the  operation  is  carefully  conducted^  very  nearly  the  theo- 
retical quantity  required  by  the  formula  is  obtained. 

The  reaction  is  easily  explained  by  the  following  equation  : — 

3  (NaO,  C4H5O)  +  PCI3  =  3  C4H5O,  r03  -f  3  Na  CI. 

The  crude  product  is  distilled  in  a  current  of  hydrogen,  as  it  is 
found  to  oxidise  if  distilled  in  air,  and  that  portion  which  comes  over 
at  188°  C.  is  collected  and  redistilled.  Towards  the  end  of  each 
redistillation,  when  only  a  very  minute  quantity  of  the  substance  is 
left  in  the  retort,  a  frothing  occurs,  the  thermometer  falls,  phos- 
phuretted  hydrogea  is  given  off,  and,  if  the  retort  be  opened  at  this 
juncture,  the  gas  inflames  spontaneously,  with  a  violent  explosion. 

I  may  here  mention  a  remarkable  fact  regarding  the  boiling  point 
of  this  body.  In  air  it  is  constant  at  191°  C. ;  in  hydrogen  at 
188°  C. 
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Phosphite  of  ethyl  is  a  neutral  somewhat  oily  substance,  possessing 
a  peculiarly  offensive  odour.  It  is  soluble  in  water,  alcohol,  and 
ether,  and  burns  with  a  bluish- white  flame ;  its  sp.  gr.  is  1*075  at 
60°  F. 

The  carbon  and  hydrogen  were  estimated  by  the  ordinary  method ; 
the  phosphorous  acid  as  follows  : — 

Weighed  quantities  of  the  liquid  were  introduced  into  stoppered 
bottles,  and  concentrated  nitric  acid  added.  The  bottles  were  left, 
loosely  stoppered,  in  a  tolerably  warm  situation  for  several  days  ;  they 
were  then  gently  heated  until  nitrous  fumes  were  no  longer  evolved. 
The  contents  of  each  bottle  were  then  transferred  into  separate  beakers, 
and  the  phosphoric  acid  precipitated  as  phosphate  of  magnesia  and 
ammonia,  which  was  ignited. 

The  analysis  furnished  the  following  results : — 

0*3405  grm.  yielded  0*3784  grm.  of  carbonic  acid. 


}f 

„       0*1920     , 

water. 

0*5115 

„       0*8047     „ 

carbonic  acid, 

}) 

„       0*4155     ,; 

water. 

0*4513 

„       0-3020     , 

2MgO,P05. 

0*4110 

„       0*2780     , 

)i 

jercentages  are — 

Calculated. 
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12  C      . 

72 

43*11 

42*91         42^9 

15  II      . 

15 

8*98 

8*87           9*03 

30      . 

24 

14-37 

15-16         14*66 

PO3. 

56 

33*54 

3306         33.42 

167 


100*00 


10000       10000 


con- 


The  vapour-density  was  ascertained  by  two  experiments, 
ducted  according  to  the  method  described  by  me  in  the  Society's 
Journal  for  October  1 853 ;  and  it  will  be  seen  that  they  agree  with 
the  calculated  density  : 

Experimental  densities  j  oZf;.q77 
Calculated =4  volumes  5*763 


Tribasic  Phosphite  of  Amyh — This  body  was  prepared  from 
amylate  of  soda,  in  a  precisely  similar  manner  to  that  described  for 
the  preparation  of  the  ethyl-compound,  and  the  analysis  was  con- 
ducted by  the  same  process. 
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The  production   of  this  body  may  be  explained  by  the  following 
equation : — 

.3  (NaO,  CjoHiiO)  +PCl3=3  Ci^jH^iO,  P03  +  3NaCl. 
Its  analysis  furnished  the  following  results  : — 

0-2477  grm.  gave  0-5571  grm.  of  carbonic  acid, 


iy 

„     0-2521 

water. 

0-3172 

,     0-7123 

carbonic  acid, 

a 

„     0-3300 

water. 

1-2763 

„     0-4855 

2MgO,P05, 

1-4200 

„     0-5405 

a 

The  percentages  will  be 

as  follows  :- 

— 

Calculated. 
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30  C.     . 

180 

61-43 

61-34         61-24 

33  H      . 

33 

11-26 

11-31         11-55 

30      . 

24 

8-20 

8-56           8-40 

PO3  . 

56 

19-11 

18-79         18-81 

293 


100-00 


100-00       100-00 


Phosphite  of  amyl  is  an  oily  neutral  body,  possessing  a  still  more 
offensive  odour  than  the  ethyl  compound,  and  is  more  easily  decom- 
posed by  heat.  It  boils  in  hydrogen  at  236°  C,  is  insoluble  in 
water,  but  soluble  in  alcohol  and  in  ether. 

Phosphite  of  ethyl  appears  to  form  two  classes  of  salts,  according 
to  the  amount  of  metallic  base  presented  to  it.  Thus,  by  acting 
upon  it  by  one  and  two  atoms  of  hydrate  of  baryta  respectively,  in  a 
manner  which  will  be  described  further  on,  we  obtain  first  a  salt  in 
which  one  atom  of  ethyl  is  replaced  by  one  atom  of  barium, — a 
reaction  which  the  following  equation  will  explain  : — 

3  C4H5O,  POg  +  BaO,  HO  =  BaO,  2C4H5O,  POg  +  C^HgOs. 
The  formation  of  the  second  salt  may  be  thus  explained : — 

3  C4H5O,  PO3  +  2  (BaO,  HO)  =  2  BaO,  C4H5O,  PO3  +  2  C^HgOa. 

I  may  here  remark  that  I  could  not  succeed  in  replacing  the  third 
atom  of  ethyl  by  barium. 

BaO,  2  C4H.O,  PO3. — This  salt  is  formed  when  to  one  atom  of 
baryta,  dissolved  in  hot  water,  one  atom  of  phosphite  of  ethyl  is  added, 
and  the  whole  gen!ly  heated  for  a  few  minutes.  Alcohol  is  given  off, 
the  liquid  becomes  neutral,  and,  if  carefully  evaporated  in  a  water- 
bath,  deposits  the  salt  as  a  confused  crystalline  mass.  This  salt  is 
extremely  soluble  in  water,  soluble  in  dilute  alcohol,  but  only  slightly 
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SO  in  absolute  alcohol.  The  baryta  salt  was  recrystallised^  the  crystals 
dried  between  folds  of  blotting-paper,  and  then,  under  an  exhausted 
receiver_,  over  sulphuric  acid,  until  it  ceased  to  lose  weight.  It  was 
then  transferred  to  an  oil-bath,  and  heated  up  to  108°  C,  which 
temperature  does  not  decompose  it.  It  is  very  deliquescent,  and 
consequently  the  analysis  shows  a  somewhat  greater  increase  of 
hydrogen  and  deficiency  of  carbon  than  might  be  otherwise  expected. 

0-8320  grm.  yielded  0*6910  grm.  of  carbonic  acid, 
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0-3710       „ 

water. 

1-6195 

1-3505       „ 

carbonic  acid. 

)) 

0-7455       „ 

water. 

1-1065 

0-6285       „ 

BaO,  SO3, 

y) 

0-6070       „ 

2MgO,P05. 

1-1301 

0-6380       „ 

BaO,  SO3, 

i) 

0-6190       „ 

2MgO,P05. 

^\'om  which  results  the  following  percentages 

were  deduced : — 

Calculated, 

Found. 

8C      . 

.     48-00 

23-22 

22-65         22-74 

10  H     . 

.     10-00 

4-84 

4-95           5-11 

20     . 

.     16-00 

7-74 

7-98          8-00 

BaO 

.     76.64 

37-09 

37-32        37-09 

PO3 

.     56-00 

27-11 
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27-10        27-06 

206-64 

100-00       10000 

The  combustion  in  the  first  experiment  was  made  with  oxide  of 
copper ;  in  the  second,  with  chromate  of  lead. 

The  baryta  and  phosphorous  acid  were  estimated  from  the  same 
salt.  The  salt  was  dissolved  in  water,  and  the  baryta  precipitated 
with  pure  sulphuric  acid.  The  filtrate  from  the  sulphate  of  baryta 
was  then  carefully  evaporated  to  a  small  bulk,  and  the  phosphorous 
acid  oxidised  by  means  of  concentrated  nitric  acid,  then  precipitated 
as  the  phosphate  of  magnesia  and  ammonia,  which  was  well  washed, 
dried,  and  ignited. 

The  potash  salt  was  obtained  from  the  baryta  salt  by  double  de- 
composition with  sulphate  of  potash.  It  crystallises  with  difficulty, 
in  thin  plates  radiating  from  the  centre;  is  soluble  in  alcohol,  but 
not  in  ether,  and  is  deliquescent. 

The  soda  salt  was  obtained  in  a  similar  manner,  and  has  similar 
properties.     I  did  not  succeed  in  crystallising  it. 

Tlie  nickel,  zinc,  iron,  and  magnesia  salts  were  also  formed  by 
double  decomposition  with  their  sulphates.     None  of  them  crystallise  : 
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they  are  extremely  soluble  in  water,  but  appear  to  be  insoluble  m 
alcohol. 

In  attempting  the  formation  of  the  copper  salt,  the  copper  was 
reduced,  even  on  evaporating  in  vacuo. 

2  BaO,  C4H5O,  PO3. — When  two  atoms  of  baryta  are  dissolved  in 
hot  water,  and  one  atom  of  phosphite  of  ethyl  added  to  it,  and  the 
whole  gently  heated,  alcohol  is  given  off,  and  this  salt  is  produced. 
It  does  not  crystallise,  nor  do  any  of  the  salts  prepared  from  it  by 
double  decomposition  with  the  various  sulphates. 

It  was  dried  at  108°  C,  and  gave  the  following  results  : — 

0'7025  grm.  yielded  0*2495  grm.  of  carbonic  acid. 
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When  more  than  two  atoms  of  baryta  are  mixed  with  one  atom  of 
phosphite  of  ethyl,  the  excess  of  baryta  is  gradually  deposited  on 
evaporation  as  carbonate,  or,  if  the  evaporation  takes  place  in  vacuo, 
as  hydrate. 

This  salt  may  be  evaporated  in  a  water-bath  without  decomposing, 
but,  on  boiling,  it  is  readily  decomposed  into  alcohol,  which  is  given 
off,  and  diphosphite  of  baryta,  which  is  deposited  in  shining  scales. 

Analysis  of  the  deposited  salt : — 

1-5510  grm.  yielded  1-5905  grm.  of  BaO,  SO3, 
„         „         „       0-7720      „         2MgO.P05. 

0-9605  „  „  0-9850  „  BaO,  SO3, 
„        „.      „       0-4780      „         2MgO,P05. 

From  these  analyses  the  formula  of  this  salt  will  be  2  HO,  2  BaO, 
PO3;  or,  on  Wurtz's  view,  HO,  2BaO, PHO^;  as  will  be  seen  by 
comparing  the  percentages. 
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2  HO    ,       .       . 

2  BaO       .     . 

P03    .  . 

227-28        100-00  lOO'OO       lOO'OO 

The  analysis  of  this  salt  was  conducted  in  a  similar  manner  to  the 
others,  except  that  it  was  dissolved  in  dilute  hydrochloric  acid. 


Calculated. 

Found, 

18-00 

7-92 

7-99 

8-04 

153-28 

67-44 

67-42 

67-38 

56-00 

24-64 

24-59 

24-58 

XXI. — On  Nitroglycerine  and  the  Products  of  its  Decomposition  by 

Potash, 

By  Robert  Eailton,  F.C.S. 

Sobero  discovered  nitroglycerine  some  time  ago,  but  did  not  de- 
termine its  composition, — probably  from  the  fact  of  its  being  a  highly 
explosive  substance.  There  is,  however,  no  danger  to  be  apprehended 
from  its  analysis,  if  sufficient  care  be  taken. 

The  compound  from  which  the  following  results  were  obtained  was 
thus  prepared.  Equal  volumes  of  concentrated  nitric  and  sulphuric 
acids  were  mixed,  and  cooled  by  immersing  the  flask  which  contained 
them  in  ice-cold  water.  Syrupy  glycerine  was  then  introduced  into 
the  flask,  a  few  drops  at  a  time,  the  mixture  being  well  shaken  and 
cooled  each  time.  After  some  time,  the  product  floated  on  the  top 
as  an  oily  substance ;  it  was  then  poured  into  cold  distilled  water, 
and  repeatedly  washed  in  that  menstruum  by  decantation :  it  was 
afterwards  freed  as  much  as  possible  from  water  by  blotting-paper, 
and  an  attempt  was  made  to  dry  it  more  completely  under  the  bell- 
jar  of  the  air-pump,  but  without  success,  as  it  was  rapidly  decom- 
posed on  exhausting  the  jar. 

From  this  circumstance,  the  hydrogen  could  not  be  estimated,  but 
the  relative  amounts  of  carbon  and  nitrogen  were  satisfactorily  deter- 
mined by  Liebig^s  process. 

About  a  gramme  of  the  compound  was  mixed  with  as  much  oxide 
of  copper  as  half  filled  a  combustion-tube  thirty-six  inches  in  length. 
About  eight  inches  of  the  remainder  of  the  tube  was  filled  with  oxide 
of  copper,  and  the  tube  then  wholly  filled  with  reduced  copper.  The 
tube  was  then  enveloped  in  copper  foil,  the  combustion  proceeded 
with,  and  the  mixed  gases  collected  in  graduated  tubes  over  mercury. 


I. 

II. 

III. 

IV. 

01 

91-5 

99 

97 

69 

61-0 

65 

64 
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The  first  portion  of  the  gases  was  allowed  to  escape ;  four  tubes  were 
then  filled,  and  the  following  are  the  results  in  the  order  in  which 
they  were  collected  : — 

Number  of  tubes  .  . 
Volumes  of  mixed  gases 
Ditto  absorbed  by  KO 

Ditto  remaining  gas  .     .     .     32  30-5         34  33 

There  being  slight  discrepancies  in  these  results,  I  obtained  tubes 
more  finely  divided,  when  a  second  experiment  gave — 

Number  of  tubes      .     .     i.  ii.  iir.  iv.  v. 

Volumes  of  mixed  gases  .  178         194         192         173         194 
Ditto  absorbed  by  potash  117         128         127         115         129 

Ditto  residual  nitrogen  .61  66  65  58  65 

Now  as  the  composition  of  glycerine  is  well  known,  and  as  the 
vokune  of  nitrogen  is  proved  by  these  experiments  to  be  half  that  of 
the  CO2  absorbed  by  potash,  we  may  safely  assume  the  following  to 
be  the  change  which  the  glycerine  undergoes  : — 

C6H3O6+  3  NO,=C6^3  J^^^Og  +  S  HO. 

Nitroglycerine  is  heavier  than  water,  in  which  it  is  but  slightly 
soluble ;  it  is  soluble  in  alcohol  and  in  ether.  When  boiled  for  some 
time  with  an  aqueous  solution  of  caustic  potash,  it  is  decomposed, 
nitrate  of  potash  and  glycerine  being  formed. 

A  solution  of  caustic  potash  in  water  was  made  of  nearly  the  same 
specific  gravity  as  the  nitro-glycerine.  The  potash  solution  and  the 
nitroglycerine  were  introduced  into  a  flask  and  boiled  for  several 
hours ;  at  the  end,  the  liquid  became  completely  homogeneous,  when 
it  was  carefully  neutralised  with  pure  sulphuric  acid.  The  sulphate 
of  potash  was  crystallised  out,  and  on  further  evaporation  the  nitrate 
of  potash  was  deposited.  This  salt  was  purified  by  repeated  re- 
crystallisations,  and  afterwards  analysed. 

The  nitrate  of  potash  was  dried  until  it  ceased  to  lose  weight,  and 
was  then  converted  into  sulphate  of  potash. 

arm. 
Weight  of  the  salt  used  .  .  .     0*979 

Ditto  KO,  SO3  formed  ....     0-841 

Calculated   percentage  of  KO,  in  K0,N05=  16'54 
Found  in  the  above-named  salt      .     .     .      =46*41 
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I  may  add  that  the  salt  obtained  by  the  decomposition  of  nitro- 
glycerine exhibited  all  the  reactions  of  nitrate  of  potash. 

For  the  purpose  of  obtaining  the  glycerine,  the  solution  from  which 
the  nitrate  of  potash  had  been  crystallised  was  evaporated  to  a  syrupy 
consistence,  and  treated  with  absolute  alcohol.  The  solution  of  gly- 
cerine in  alcohol  thus  obtained  was  evaporated  in  a  water-bath,  and 
the  residue  treated  with  ether,  in  which  the  nitroglycerine,  had  there 
been  any  undecomposed,  would  have  been  dissolved.  The  ether  was 
removed  without  having  dissolved  anything,  and  a  portion  of  the 
residue  heated  with  bisulphate  of  potash,  when  the  pungent  odour  of 
acrolein  was  evolved. 

The  decomposition  of  nitroglycerine  by  means  of  hydrate  of  potash 
may  be  represented  by  the  equation 

Nitrobenzole  was  boiled  with  concentrated  solution  of  caustic 
potash  for  several  hours ;  the  resulting  solution  evaporated  nearly  to 
dryness,  water  added,  and  again  evaporated,  the  latter  process  being 
repeated  as  long  as  any  odour  was  perceived.  The  solution  was  then 
examined  for  nitric  acid,  and  distinct  evidence  of  its  presence  was 
obtained. 


XXII. — On  some  New  Derivatives  of  Chloy^oform, 
By  George  Kay, 

STUDENT  IN  THE  LABOEATOEY  OF  UNIVERSITY  COLLEGE. 

Every   process   of  double   decomposition  may  be   viewed  in  two 
different  ways.    Thus  when  hydrochloric  acid,  CI  H,  acts  on  hydrate  of 

TT 

potash,  ^  O,^  we  may  say  either  that  the  hydrogen  of  the  one  changes 

places  with  potassium  of  the  other,  or  the  chlorine  of  the  one  with 

peroxide  of  hydrogen,   HO,  in  the  other.      This  idea  is  strikingly 

illustrated  by  the  following  experiments,  in  which,  by  the  action  of 

Ae 
1  at.  chloroform,  ^HClg,  on  3  at.  ethylate  of  soda,  -jyr   O,  the  chlorine 

of  the  former  is  replaced  by  peroxide  of  ethyl,  Q^  Hg  O,  the  pro- 
ducts being  -3  at.  chloride  of  sodium,  and  1  at.  of  a  new  body  having 
the  empirical  formula  O^HjeOj- 

3  ^^^l^  -V  €HCl3  =  3NaCl  +  ^.HjeO.^. 

*   II-l;    e  =  12;    0=1G;    8=32. 
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This  product  may  be  equally  well  conceived  to  be  a  body  in  which  thte 
basic  hydrogen  of  3  at.  alcohol  is  replaced  by  the  tribasic  radical  of 
chloroform,  and,  according  to  the  older  theories  of  the  capacity  of 
saturation  of  salts,  would  contain  a  tribasic  modification  of  formic 
acid;  for  it  bears  the  same  relation  to  formic  ether  that  a  so-called  tribasic 
phosphate  bears  to  a  monobasic  phosphate. — The  following  is  the 
mode  of  preparation : — 

Two  ounces  of  sodium  were  dissolved  in  absolute  alcohol,  in  a 
tubulated  retort,  and  the  excess  of  alcohol  distilled  off  as  much  as 
possible  by  means  of  an  oil-bath ;  pure  chloroform  was  then  added 
gradually  to  the  dry  mass,  in  the  proportion  of  1  equivalent  to 
3  equivalents  of  the  sodium  used :  at  first  the  action  was  very  violent, 
and  the  retort  required  to  be  kept  cool,  to  prevent  loss  by  evapora- 
tion ;  the  liquid  was  then  distilled  from  the  chloride  of  sodium  which 
was  formed,  and  subjected  to  a  series  of  fractional  distillations.  It 
finally  resolved  itself  into  three  portions,  the  first  of  which  was  small, 
and  came  over  between  50°  and  76°  C,  but  chiefly  between  50°  and 
60° ;  the  second,  which  was  in  considerable  quantity,  and  obtained 
between  78°  and  79°,  was  nearly  pure  alcohol;  the  last  portion  boiled 
constantly  at  145°  to  146°,  and  amounted  to  about  one-sixth  of  the 
whole  liquid. 

The  lower  portion  of  the  distillate,  obtained  between  50°  and  76°, 
had  the  odour  of  common  ether ;  a  part  of  it  was  treated  with  sodium, 
and  water  added,  when  a  slight  turbidity  was  produced,  but  no 
appearance  of  an  oily  stratum ;  it  was  tested  for  formic  acid  and 
chlorine,  both  of  which  were  found  to  be  present. 

As  the  above  process  yielded  only  a  small  product  other  than 
alcohol,  the  following  modification  was  adopted : — 

As  much  sodium  as  possible  was  dissolved  in  a  limited  quantity  of 
alcohol;  chloroform  was  then  added,  care  being  taken  to  keep  the 
liquid  alkaline,  and  to  ensure  the  decomposition  of  the  chloroform; 
after  which  more  sodium  was  added,  and  the  process  repeated  several 
times  until  the  precipitate  formed  became  bulky.  The  liquid  was 
then  distilled  off,  and  again  treated  with  sodium  and  chloroform  as 
before,  and  separated  from  the  precipitate.  This  process  was  con- 
tinued until  2  ounces  of  sodium  had  been  used ;  the  resulting  liquid 
was  distilled  fractionally,  when  it  divided  into  three  portions,  re- 
spectively similar  in  quantity,  and  in  boiling  points,  to  those  afforded 
by  the  first  experimeht. 

Thesubstance  which  boilsat  1 45°  to  146°  is  acolourless,hmpid  liquid, 
slightly  soluble  in  water,  and  having  a  peculiar  aromatic  odour ;  it 

VOL.  VII. NO.  XXVII.  Q 
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burns  readily,  with  a  blue  flame  and  little  smoke ;  its  specific  gravity 
is  0-8964,  and  at  —18°  C.  it  still  remained  liquid. 

The  following  analyses  were  made  of  this  body  : — 

I.  0-1859  grm.  gave  0-3855  CO2  and  0-1716  water 
II.  0-2404         „         0-4979     „       „     0-2283      „ 

These  results  yield  the  following  percentages  : — 

I.  II.  Mean. 

C  56-55  56-48  56-51 
H  10  25  10-55  10-40 
C  33-20       32-97       33  08 

The  following  is  the  mean  of  the  experiments,  placed  in  juxtaposi- 
tion with  the  theoretical  values  which   correspond  to  the   formula 


^yHieOa: 

— 

Experiment. 

Theory. 

Difference. 

Q    56-51 

56-75 

-0-24 

H    10-40 

10-81 

-0-41 

0    33-08 

32-44 

+  0-64 

The  specific  gravity  of  the  vapour  of  the  substance  was  taken,  and 
the  following  data  and  results  obtained  : — 

Weight  of  globe  filled  with  air,  barometer 

30-1  inches,  temperature  13-6°  C.      .     .     14*0612  grm. 
Sealed  the  globe  at  219*5°  C,  bar.  30-1  in. 
Weight  of  globe   and  condensed   vapour, 

barometer    30-17    inches,    temperature 

10-9°  C 14-2945     „ 

Capacity  of  globe  in  cubic  inches      ...       5*77         „ 
Residual  air  at  12-8°  C,  barometer  30*17 

inches 0*08  cub.  in. 

The  above  data  give  5-217  as  the  specific  gravity  of  the  vapour. 
Assuming  that  the  compound  has  the  formula  G^Hj^Oa,  the  theo- 
retical specific  gravity  of  its  vapour,  condensed  into  two  volumes, 
would  be  5-124 ;  thus — 

Experimental  density     .     .     .     5-217 
Theoretical  „  ...     5*124 


Difference     .     .     .     0-093 

As  the  methods  above  described  yielded  this  body  in  small  quantity 
only,  it  was  thought  that  the  same  substance  might  be  more  readily  and 
economically  procured  by  making  use  of  hydrate  of  potash  instead  of 
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sodium ;  but  it  was  necessary  in  the  first  place  to  ascertain  what 
would  be  the  action  of  caustic  potash  on  the  compound. 

For  this  purpose^  a  small  portion  was  dissolved  in  alcohol,  solid 
hydrate  of  potash  added,  and  the  liquid  distilled  upwards  for  two  or 
three  hours,  and  then  distilled  off;  the  residue  was  dissolved  in  water, 
exactly  neutralised  by  hydrochloric  acid,  filtered  to  remove  the  tur- 
bidity, and  then  a  few  drops  of  chloride  of  mercury  added.  In  a  little 
time,  and  after  the  application  of  heat,  a  very  slight  precipitate  was 
formed,  having  the  appearance  of  subchloride  of  mercury ;  it  was  also 
blackened  by  ammonia.  Sesquichloride  of  iron  was  also  added  to  a 
portion  of  the  neutral  liquid,  when  a  red  colour,  rather  darker  than  that 
of  the  sesquichloride  itself,  appeared.  As  the  indication  of  the  presence 
of  formic  acid  was  only  just  perceptible,  it  appears  that  the  action  of 
potash  on  the  compound  produces  that  acid  in  very  small  quantity 
only. 

Twelve  ounces  of  solid  potash  and  eighteen  ounces  of  powdered 
quicklime  were  now  added  to  rather  more  than  three  pints  of  absolute 
alcohol,  and  theliquid  distilled  upwards  for  five  or  six  hours;  chloroform 
was  then  added  gradually,  in  the  proportion  of  one  equivalent  to  three 
of  the  potash  used,  the  upward  distillation  being  still  continued  for 
two  or  three  hours ;  the  liquid  was  then  distilled  off  by  the  heat  of 
an  oil-bath,  and  submitted  to  a  series  of  fractional  distillations.  As 
in  the  former  experiments,  the  lowest  distillate  had  the  odour  of 
common  ether. 

By  this  method,  a  small  distillate  was  obtained  which  boiled  con- 
stantly at  144-5°  to  145°  C,  and  was  equal  in  bulk  to  about  one-sixth 
of  the  chloroform  used;  its  properties  were  precisely  the  same  as 
those  of  the  compound  already  described. 

Although  this  method  yielded  only  a  comparatively  small  quantity 
of  the  substance,  it  was  much  more  productive  and  expeditious 
than  the  one  previously  adopted ;  it  was  therefore  repeated  several 
times,  the  alcohol  which  was  separated  each  time  by  the  fractional 
distillations  being  used  for  dissolving  the  potash  in  the  next  opera- 
tion. 

Ultimately  a  considerable  quantity  of  the  compound  was  obtained, 
which  enabled  me  to  determine  the  boiling  point  more  exactly  :  that 
point  was  now  found  to  be  constantly  at  146°  C. : — 

The  following  analysis  was  made  of  this  compound: — 

0*2597  grm.  gave  0*5410  carbonic  acid,  and  02536  w^ater. 

These  numbers  correspond  to  the  following  percentages,  opposite 
to  which  are  placed  the  percentages  in  the  compound  Q^H^qQ^. 
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Experiment.  O-HjgOg  Difference. 

Q  56-79  56-75'  -f  0-04 

H  10-82  10-81  +0-01 

Q  32-39  32-44  -0-05 

When  pentachloride  of  phosphorus  was  added  to  a  small  portion  of 
the  compound,  a  very  dense  liquid  was  formed,  having  the  appear- 
ance and  odour  of  chloroform. 

One  equivalent  of  dry  hydrochloric  acid  was  passed  into  17  grms. 
of  the  compound;  the  gas  was  wholly  absorbed,  a  considerable 
amount  of  heat  being  evolved,  and  the  liquid  assuming  a  brownish 
colour.  The  liquid,  which  still  remained  neutral  after  the  absorption 
of  the  gas,  was  distilled  fractionally,  and  finally  collected  in  three 
portions.  The  first  was  about  one-sixth  of  the  whole,  and  came  over 
between  20°  and  50°  C. ;  the  second,  about  one-third,  was  obtained 
between  50°  and  68° ;  and  the  last,  also  about  a  third  part,  passed 
over  between  68°  and  100°.  The  smallness  of  these  distillates  pre-  • 
eluded  any  further  attempts  to  obtain  a  fixed  boiling  point. 

Two  equivalents  of  dry  hydrochloric  acid  were  next  passed  into  29*6 
grms.  of  the  compound ;  a  large  proportion  of  the  gas  was  absorbed, 
but  towards  the  close  a  portion  passed  through  the  liquid.  After 
this  treatment,  the  liquid  fumed  and  was  highly  acid;  it  was  distilled 
upwards  for  some  time,  by  which  a  portion  of  the  free  hydrochloric 
acid  was  expelled,  and  then  distilled  fractionally.  Ultimately  four 
distillates  were  obtained;  about  one-third  of  which  came  over  between 
56°  and  60°,  one-fourth  between  60°  and  70°;  one-sixth  between  70° 
and  80° ;  and  one-fourth  between  80°  and  88°.  As  in  the  previous 
experiment,  the  numerous  distillations  had  so  much  reduced  the 
bulk  of  the  liquid,  that  it  became  impossible  to  arrive  at  a  constant 
boiling  point. 

To  the  lowest  of  the  above  distillates  about  an  equal  bulk  of  water 
was  added :  the  substance  floated  on  the  surface,  and  seemed  to  be 
only  slightly  soluble  in  the  water.  It  was  then  mixed  with  carbonate 
of  soda  in  sufficient  quantity  to  neutralise  the  free  acid  which  yet  re- 
mained, and  the  liquid  pipetted  from  the  water,  distilled  upwards  for 
a  considerable  time  over  fused  chloride  of  calcium,  and  then  distilled 
off;  it  was  now  found  to  boil  constantly  at  55*5  C. 

The  distillate  which  had  been  obtained  between  60°  and  70°,  after 
being  treated  in  the  same  manner,  also  yielded  a  liquid  which  boiled 
at  56°  C.  These  two  products,  besides  agreeing  in  their  boiling 
points,  had  each  the  odour  of  formic  ether. 

The  following  analysis  was  made  of  the  product,  which  boiled  at 
55-5°  C.:— 


SOME  NEW  DERIVATIVES  OF  CHLOROFORM.  229 

0-1815  grm.  gave  of  COg,  0-2920,  and  of  water  0.1413  grm. 
These  numbers  furnish  the  following  percentages: — 

C=  43-85 
H=  8-65 
Subjoined   are  given  the  calculated  percentages  in  formic  ether, 
and  in  formic  ether  plus  an  equivalent  of  water  :■ — 

Formic  ether.  Formic  ether  +  an  eq.  of  water. 

C  48-64  C  43-37 

H     8-10  H    8-43 

The  vapour-density  of  this  body  was  also  taken  by  Gay-Lus sac's 
method;  the  mean  of  three  observations  gave  the  density  as  2-439: 
the  specific  gravity  of  the  vapour  of  formic  ether  is  2-5. 

From  the  above  results,  I  am  led  to  conclude  that  the  liquid  which 
boiled  at  55-5°  was  merely  formic  ether  mixed  with  a  small  amount 
of  water,  the  complete  separation  of  which  was  difiicult  in  conse- 
quence of  the  small  quantity  of  the  liquid  operated  upon. 

Action  of  Sulphuric  Acid  on  the  compound  jGyHj^^Os. 

To  28-7  grms.  of  the  compound  two  equivalents  of  mono-hydrated 
sulphuric  acid  were  added.  The  acid  sank  to  the  bottom,  and  did 
not  appear  to  act  upon  the  liquid ;  but  on  a  slight  application  of 
heat,  the  action  commenced,  the  mixture  becoming  dark-coloured ; 
after  the  whole  of  the  acid  had  been  slowly  added,  with  constant  agita- 
tion of  the  liquid,  the  mixture  was  cooled,  and  then  added,  a  few 
drops  at  a  time,  to  about  its  own  bulk  of  water,  in  which  was  kept  sus- 
pended, by  continual  shaking,  rather  more  than  a  sufficient  quantity 
of  baryta  to  neutralise  the  acid  employed  ;  a  few  pieces  of  ice  were 
also  placed  in  the  water  ;  and  the  flask  in  which  the  operation  was  per- 
formed was  immersed  in  a  frigorific  mixture.  After  the  whole  of  the 
acid  mixture  had  been  added  to  the  baryta,  the  liquid  was  found  to 
be  alkaline.  It  was  then  filtered  from  the  precipitate,  which  was 
gelatinous,  and  distilled.  When  about  five-sixths  had  passed  over, 
that  which  remained  in  the  retort  began  to  froth  very  much,  and  was 
turbid ;  the  distillation  was  therefore  stopped,  and  the  residue  on 
cooling  formed  a  solid  crystalline  mass,  which  was  dissolved  in  water. 
The  solution  was  very  turbid,  and  was  not  rendered  clear  even  by 
repeated  filtration.  The  liquid  was  then  transferred  to  a  flask,  about 
an  equal  bulk  of  absolute  alcohol  poured  upon  its  surface,  and  then 
left  at  rest  for  several  days. 

The  distillate  was  next  saturated  with  carbonate  of  potash,  when 
a  stratum  of  liquid  rose  to  the  surface ;  this  liquid  was  pipetted  off, 
treated  several  times  with  carbonate  of  potash,  and  then  distilled; 
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it  boiled  constantly  at  80°  C,  and  was  found  to  be  common  alcohol. 
The  lower  stratum  was  then  distilled ;  the  crystals  of  carbonate  of 
potash  being  removed  from  the  retort  as  often  as  their  accumulation 
became  troublesome  ;  when  the  carbonate  had  been  wholly  removed, 
the  liquid  boiled  at  100°  C,  and  was  merely  water. 

The  turbid  liquid,  to  which  alcohol  had  been  added,  was  found, 
after  standing  several  days,  to  have  deposited  a  quantity  of  crystals, 
which  were  hexagonal  prisms ;  they  were  insoluble  in  alcohol,  but 
very  soluble  in  water ;  when  dried  and  analysed,  they  proved  to  be 
formiate  of  baryta.  The  liquid  in  which  these  crystals  had  formed 
was  again  filtered,  but  it  still  remained  turbid;  a  portion  was 
evaporated,  and  the  residue  dried  at  a  low  temperature  until  it  ceased 
to  lose  weight :  a  quantity  weighing  O'SGi  grni.,  when  ignited,  fur- 
nished 0'3116  grni.  of  sulphate  of  baryta,  which  corresponds  to  55*54 
per  cent.  Sulphovinate  of  baryta  with  two  atoms  of  water  contains 
55*11  per  cent,  of  sulphate  of  baryta. 

The  gelatinous  precipitate  first  mentioned  was  now  washed  with  a 
large  quantity  of  hot  water,  the  washings  evaporated  down  to  a  small 
bulk,  and  allowed  to  stand  for  two  days,  when  a  slight  crop  of 
crystals  was  deposited;  these  crystals  were  insoluble  in  alcohol,  but 
readily  dissolved  by  water,  and  were  of  the  same  form  as  those  pre- 
viously mentioned  as  consisting  of  formiate  of  baryta.  A  consider- 
able quantity  of  alcohol  was  now  passed  through  the  washed  precipi- 
tate, reduced  in  bulk  by  evaporation  on  the  sand-bath,  and  then  left 
to  evaporate  at  the  ordinary  temperature ;  no  crystals  were  formed, 
and,  when  dry,  a  very  slight  quantity  of  an  amorphous  substance 
remained. 

From  these  experiments  it  appears  that  the  action  of  sulphuric  acid 
on  the  compound  .G^HjgO.}  gives  rise  to  sulphovinic  acid,  formic  acid, 
and  alcohol ;  no  other  product  was  observed. 

A  portion  of  the  dried  substance,  which  was  believed  to  be  sulpho- 
vinate of  baryta,  was  distilled  with  dilute  sulphuric  acid,  when  alcohol 
and  water  only  passed  over. 

An  attempt  was  also  made  to  replace  two  of  the  equivalents  of 
chlorine  in  chloroform  by  peroxide  of  ethyl.  For  this  purpose  four 
ounces  of  sodium  were  converted  into  ethylate  of  soda,  the  excess  of 
alcohol  distilled  off,  and  the  dry  ethylate  powdered  quickly  in  a  warm 
mortar.  It  was  then  added,  in  small  portions  at  a  time,  to  an  excess 
of  chloroform  in  a  tubulated  retort.*     The  action  was  very  brisk, 

*  It  was  necessary  to  add  the  ethylate  in  powdrM*,  for  when  in  fragments  it  assumed 
a  dark  brown  colour,  and  tlie  actioii  of  chloroform  uponi  t  was  almost  imperceptible. 
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much  heat  being  evolved,  rendering  it  necessary  to  cool  the  liquid 
after  each  addition  of  ethylate.  In  this  manner  one-half  of  the 
ethylate  was  added,  and  then  the  liquid  was  distilled  off,  and  redis- 
tilled from  a  retort  fitted  with  a  thermometer ;  the  portion  obtained 
between  60°  and  70°,  being  chiefly  chloroform,  was  treated,  as  before, 
with  the  remaining  ethylate,  care  being  still  taken  to  keep  the 
chloroform  in  excess. 

The  liquid  product  of  these  operations,  consisting  of  about  half  a 
pint,  was  now  subjected  to  a  series  of  fractional  distillations,  when  it 
resolved  itself  into  chloroform,  alcohol,  and  a  small  quantity  of  liquid 
having  the  same  boiling  point  and  properties  as  the  compound 
jGjHigOg,  which  had  been  already  obtained. 

Whilst  engaged  on  these  distillations,  I  observed  that  one  portion 
which  had  come  over  between  60°  and  82°,  when  repeatedly  distilled, 
gradually  lowered  its  highest  point  from  82°  to  79*3° :  this  circum- 
stance leads  me  to  suspect  that  some  other  compound,  having  its 
boiling  point  near  to  that  of  alcohol,  had  in  the  first  instance  been 
formed,  but  was  afterwards  decomposed  by  the  frequent  distillations. 

The  following  attempt  was  made  to  obtain  a  compound  homologous 
with  the  QjR^qQ^j  by  acting  upon  chloroform  by  amylate  instead  of 
ethylate  of  soda  : — 

Two  ounces  of  sodium  were  dissolved  in  pure  amylic  alcohol,  the 
excess  of  fusel  oil  distilled  off  as  far  as  possible  from  the  amylate  of 
soda  ;  chloroform  then  added  gradually  to  the  dry  amylate,  in  the  pro- 
portion of  one  equivalent  to  three  of  the  sodium  used ;  and  the  liquid 
distilled  from  the  chloride  of  sodium  by  the  heat  of  an  oil-batb,  and 
submitted  to  fractional  distillation.  A  large  proportion  was  found  to 
be  fusel  oil ;  the  remainder  was  an  oily-looking  liquid  which  boiled  only 
at  a  very  high  temperature  (between  260°  and  290°  C.)  An  attempt 
was  made  to  purify  this  liquid,  but  in  each  distillation  a  considerable 
quantity  was  decomposed,  even  in  an  atmosphere  of  dry  hydrogen,  a 
dark-coloured  resinous  matter  remaining  in  the  retort.  In  conse- 
quence of  this  decomposition,  and  of  the  small  quantity  of  the  liquid 
available,  it  became  impossible  to  obtain  a  constant  boiling  point ;  the 
repeated  distillations  seemed  to  show  that  a  fixed  point  existed  some* 
where  between  280°  and  300°  C. 
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XXIII. — On  the  Constitution  of  Commercial  Creosote  from  Coal-tar. 
By  James  Fairlie, 

STUDENT  IN  THE  LABOEATOEY  OF  IJNIVEESITY  COLLEGE. 

The  cliemical  history  of  the  compound  to  which  Reichenbach 
assigns  the  name  ^'  Creosote^'  remains  as  yet  very  imperfect. 
Reichenbach,*  Ettling,t  and  Gorup  Besanez^J  have  successively 
examined  the  substance  as  found  among  the  products  of  the  dry  dis- 
tillation of  wood.     Ettling  obtained  the  following  results  : — 

I.  11.  Mean. 

C      75-72  74-53  75-12 

H       7-80  7-87  7-84 

O     16-48  17-60  17-04 

whence  he  assigns  to  creosote  the  formula  Ci^H902,  which  requires 
77-06  C,  8-26  H,  and  14-68  0.  He  does  not,  however,  give  the  boiling 
point  of  the  liquid  which  he  analysed.  Deville§  assigns  to  creosote 
the  formula  Q^Jl^O^i  which  requires  77-77  C,  7*41  H,  and  14-81  O : 
this  agrees  better  with  the  analytical  results,  particularly  in  the 
hydrogen,  but  is  yet  far  from  satisfactory.  Again,  Stadeler||  remarks 
onEttling^s  paper,  that  his  results  present  a  much  closer  agreement 
with  the  percentages  for  the  formula  C-^^R^O^,  which  are  75-79  C, 
7-37  H,  and  16'84  0.  He  conceived  commercial  creosote  to  be 
nothing  but  impure  hydrate  of  phenyl,  of  which  the  formula  is 
undoubtedly  Ci2Hg02. 

More  recently  this  substance  has  been  investigated  by  Gorup 
Besanez,1f  who  assigns  to  it  the  formula  C26H16O4.  He  obtained 
the  following  results  : — 

I.  II.  III.  IV.  T.  TI.  yii.  yjjj 

C  75-32  75-72  75-54  74-76  75-82  75-02  74-78  74-68 
H  7-84  7-94  7-85  7*95  7-98  7-95  7-98  7-84 
O    16-84     16-34     16-61     17-29     16-30     17*03     17*24     17*48 

C    75-20  ^C   76-47 

H     7-91.      His  formula  requires]  H     7-84. 


These  give  a  mean  of 


O  16-89  to  1519 


♦  Pogg.  Ann.  xxxi.  497 ;  Ann.  Ch.  Pharm.  vi.  202. 

t  Ann.  Ch.  Pharm.  vi.  209. 

X  Ibid.  May  1853  ;  Pharmaceutical  Journal,  xiii.  289. 

§  Ann.  Ch.  Phys.  [3],  xii.  228. 

11  Ann.  Ch.  Pharm.  Ixxvii.  25. 

11  Ibid.  May  1853;  Pharmaceutical  Journal,  xii.  288. 
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The  substance  analysed  by  Gorup  Besanez  was  evidently  impure, 
its  boiling  point  ranging  from  398°  F.  to  407°  (203*3  to  208-3  C.) 

The  following  experiments,  in  conjunction  with  those  of  Mr. 
Scrugham,*  show  that  commercial  creosote  is  mainly  a  mixture  of  two 

homologous  hod.iea,Yiz. Hydrate  ofPhenylor Carbolic Acid^    ^  ^i  ^' 
GgH^O,  and  Hydrate  of  Cresyl  ="^7  H7  Q^^^HgO.t 

The  temperature  at  which  the  first  specimen  examined  distilled 
varied  from  160°  C.  at  the  commencement  to  215°  towards  the  close 
of  the  distillation  :  a  considerable  quantity  of  water  passed  over  with 
the  first  portions.  During  the  first  distillation  of  the  crude  liquid  the 
thermometer  was  somewhat  steady  at  about  184°  C.  (the  boiling- 
point  of  hydrate  of  phenyl),  and  again,  though  somewhat  less,  at  203°  C. 
(the  boiling  point  assigned  to  creosote) ;  about  two-thirds  passed  over 
below  200°  C.  From  this  portion  a  considerable  quantity  of  pure 
hydrate  of  phenyl  may  be  obtained  by  fractional  distillation. 

The  boiling  point  of  a  second  specimen  examined  varied  from  190° 
to  224°  C.  ;  this  contained  much  less  of  hydrate  of  phenyl  and 
water. 

The  liquid  distilling  between  200°  and  224°  was  submitted  to 
frequent  fractional  distillations,  and  ultimately  an  eighth  of  the  whole 
quantity  first  taken  was  obtained,  which  distilled  at  203°  C.  Although, 
on  redistilling,  the  boiling  point  of  this  portion  did  not  vary  by  so 
much  as  two  degrees,  yet  when  it  was  repeatedly  distilled,  considerable 
variation  occurred.  I  had  occasion  to  observe,  during  the  fractional 
distillation  of  the  whole  quantity  boiling  above  200°  C,  that  there 
was  a  uniform  tendency  of  the  boiling  points  to  become  lower  on  each 
successive  distillation ;  nor  could  the  distillation  be  efi'ected  in  any 
case  without  partial  decomposition,  a  small  black  residue  always  remain- 
ing in  the  retort;  and  the  difi'erent  fractions,  although  always  colourless 
when  first  collected,  invariably  assumed  a  slight  yellowish  tint  after 
keeping  a  few  days  in  closely  stoppered  bottles.  Moisture  was  also 
constantly  observed  in  the  neck  of  the  retort  on  redistilling  portions 
which  had  come  over  repeatedly  at  above  200°  C. 

Three  analyses  of  this  somewhat  impure  product  gave  per-centages 
for  carbon  not  greatly  diff'ering  from  that  required  by  the  formula 
CyHgO,  but  the  hydrogen  was  always  in  excess. 

It  was  conceived  that  the  substance  analysed  was  creosote,  but  that 

*  Page  237  of  this  volume. 

t  In  the  remainder  of  this  paper,  the  double  atomic  weights  of  carbon,  oxygen, 
and  sulphur  are  used  ;  viz.  6  =  12,  O  =  16,  S  =  32. 


234  MR.  J.  FAIRLIE  ON  THE 

this  body  must  be  extremely  unstable,  and  susceptible  of  being  by 
oxidation  reduced  to  hydrate  of  phenyl. 

A  portion  of  the  liquid,  which  was  found  to  boil  repeatedly  at 
200°  C.  in  an  atmosphere  of  dry  hydrogen,  was  submitted  to  upward 
distillation  for  some  time  in  an  atmosphere  of  dry  oxygen.  Under 
these  circumstances  the  liquid  rapidly  blackened,  and  finally  became 
slightly  viscid.  Not  more  than  two-thirds  of  the  quantity  taken 
could  be  recovered  by  subsequent  distillation,  a  black  tarry  mass 
remaining  in  the  retort.  The  boiling  point  of  the  quantity  so 
obtained  extended  through  a  considerable  range  of  temperature,  a 
large  proportion  having  much  the  same  boiling  point  as  the  original 
liquid ;  another  portion  had  a  lower  boiling  point,  and  seemed  to  be 
a  mixture  of  creosote  with  the  hydrate  of  phenyl. 

When  the  liquid  obtained  in  the  purest  state  by  ordinary  distil- 
lation is  distilled  in  an  atmosphere  of  dry  hydrogen,  by  far  the  larger 
portion  passes  over  at  200°  C,  a  very  small  quantity  only  distilling 
at  a  somewhat  lower  point :  this  larger  portion,  when  repeatedly 
redistilled  in  hydrogen,  is  found  to  boil  constantly  at  that  tempera- 
ture (200°  C.) 

It  must  be  observed,  that  the  atmosphere  in  which  a  liquid  is  dis- 
tilled appears  considerably  to  aflfect  its  boiling  point :  in  this  case  the 
change  from  common  air  to  hydrogen  produces  a  fall  of  not  less  than 
three  degrees.  The  boiling-point  of  hydrate  of  phenyl  does  not 
change  in  any  number  of  distillations,  being  constant  at  184°  C.  in 
common  air.  Nevertheless  this  body  boils  with  equal  steadiness  at 
182°  C.  in  an  atmosphere  of  dry  hydrogen. 

The  liquid  boiling  very  constantly  in  hydrogen  at  200°  C.  was 
burnt  with  oxide  of  copper : 

I.     0*4126  grm.  of  the  liquid  gave  :   11710  grm.  of  carbonic  acid, 

„  „  „  0-2988      „         water, 

II.     0-2754  „  „  0-7845      „         carbonic  acid, 

0-1785      „         water. 

The  percentages  deduced  from  these  agree  much  more  nearly  with 
the  formula  C^fifi^  *^^^  with  any  other  which  has  been  proposed 
for  creosote. 

Calculation.  Experiment. 

77-40  77-69 

805  7-20 

14-55  15-11 


€7  =84 
H8=  8 
0  =16 

=  77-77 
=  7-41 
=  14-82 

108 

100-00 

100-00  100-00 
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I  may  remark  that  the  substance  analysed  agrees  in  its  general 
properties  with  the  body  described  by  Reichenbach^  viz.  it  is  very 
soluble  in  ether,  alcohol,  and  acetic  acid,  but  very  slightly  soluble  in 
ammonia ;  it  is  colourless,  of  great  dispersive  power,  and  is  neutral  to 
test-paper ;  with  sesquichloride  of  iron  it  gives  a  faint  violet  colour. 
Its  specific  gravity,  as  obtained  in  its  purest  form  by  ordinary  distil- 
lation, was  1*044  at  60°  F.  Reichenbach  gives  1'037,  and  Gorup 
Besanez  1-0461  to  1-049. 

Upon  the  comparatively  impure  substance  first  obtained  by  ordinary 
fractional  distillation,  I  tried  the  action  of  various  reagents,  with  a 
view  more  particularly  to  determine  its  constitution  through  the 
products  of  its  decomposition.  The  results  which  I  obtained  are  not 
so  satisfactory  as  could  be  desired ;  nevertheless  a  brief  description  of 
them  may  not  be  without  interest. 

Pentachloride  of  phosphorus  acts  very  strongly  upon  creosote,  with 
a  very  abundant  evolution  of  hydrochloric  acid  gas ;  after  a  while, 
however,  it  is  necessary  to  assist  the  action  by  heat.  The  penta- 
chloride was  added  to  the  creosote  until  no  more  was  dissolved ;  the 
mixture  was  then  distilled  upwards,  until  hydrochloric  acid  gas  was 
no  longer  evolved,  and  then  distilled  in  the  ordinary  way;  upon 
redistillation  it  began  to  boil  at  220°  C.  The  distillation  was  con- 
tinued, with  a  thermometer  in  the  retort,  till  the  temperature  reached 
300°  C,  when  a  considerable  black  residue  remained  in  the  retort;  a 
portion  of  this  was  finally  forced  over  at  a  temperature  apparently 
higher  than  the  boiling  point  of  mercury :  these  last  portions  of  the 
distillate  showed  some  disposition  to  crystallise.  Phosphoric  acid  was 
qualitatively  ascertained  to  be  present  in  it  in  a  state  of  combination. 
I  believe  the  distillate  to  be  a  mixture  of  the  chloride  and  phosphate 
of  the  radical  ^' Cresyl,'^  CyH^.  I  was  unable  to  obtain  either  of 
these  compounds  in  a  state  of  purity,  although  the  liquid  was  dis- 
tilled a  great  number  of  times;  but  it  may  be  observed  that 
the  greater  portion  of  the  lowest  fractions  were  collected  between 
180° — 190°  C,  between  which  the  boiling  point  of  the  chloride  pro- 
bably lies. 

When  the  supposed  chloride  of  cresyl  was  mixed  with  ethylate  of 
soda,  and  the  mixture  distilled  upwards  for  some  time,  chloride  of 
sodium  was  formed  in  considerable  quantity ;  when  no  more  appeared 
to  be  formed,  the  'liquid  was  distilled  ofi*.  On  addition  of  water  to 
this  distillate,  a  light  ethereal  liquid,  of  an  extremely  fragrant 
odour,  rose  to  the  surface,  and  this,  when  redistilled,  boiled  pretty 
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constantly  at  197°  C.  Its  composition  should  be  ^gHjjO: 
thus — 

Q^E^C\  +  ^^^Q=^^^'  Q  +  mCl 

The  results  of  its  analysis  were  not  satisfactory,  although  sufficiently 
near  to  induce  the  belief  that  it  was  formed  :  the  liquid  obtained  was 
evidently  not  quite  pure. 

When  equal  bulks  of  creosote  and  an  aqueous  solution  of  potash  of 
specific  gravity  1'25  are  mixed,  and  allowed  to  remain  at  rest  for 
twenty-four  hours,  a  crystalline  compound  is  formed,  presenting  the 
appearance  of  small  pearly  scales,  which  float  on  the  surface  of  the 
liquid ;  the  quantity  formed,  however,  is  very  inconsiderable.  This 
salt  (which  has  been  previously  noticed)  is  extremely  unstable ;  when 
collected  on  a  porous  tile,  and  placed  over  sulphuric  acid,  it  gradually 
decomposes  and  becomes  black.  It  appears  to  be  the  Cresylate  of 
potash. 

The  action  of  fuming  nitric  acid  upon  creosote  is  extremely 
energetic ;  it  may,  however,  be  controlled  by  adding  the  nitric  acid  in 
small  quantities  at  a  time,  the  vessel  containing  the  creosote  being 
surrounded  by  ice.  During  the  action  the  colour  of  the  liquid 
gradually  changes  to  a  deep  red.  After  the  addition  of  about  an 
equal  volume  of  strong  nitric  acid,  it  was  observed  that  the  liquid  had 
separated  into  two  layers,  the  upper  of  a  deep  red  colour,  the  lower 
black  and  tarry.  The  upper  portion,  when  removed  and  neutralised 
with  caustic  potash,  solidified  into  a  distinctly  crystalline  mass, 
sparingly  soluble  in  cold,  but  readily  in  hot  water;  -1815  grm.  of 
this  salt  (which  I  was  not  able  to  obtain  perfectly  pure)  gave  -0575 
grm.  of  sulphate  of  potash  =  17"08  percent,  of  potash  :  the  probable 

formula  of  this  salt,  viz.    Q^  ^^^^^)^  Q^   requires  16-75.    There 

is  no  doubt  whatever  that  the  acid  of  this  salt  is  homologue  of 
nitro-phenisic  acid,  and  is  formed  by  the  replacement  of  three  atoms 
of  hydrogen  by  3  (NO  J,  just  as  three  atoms  of  hydrogen  are  similarly 
replaced  in  hydrate  of  phenyl. 

An  attempt  was  made  to  obtain  an  acid  which  should  contain  only 
one  or  two  equivalents  of  NOg.  For  this  purpose  the  creosote  was 
previously  dissolved  in  absolute  alcohol,  to  which  nitrate  of  urea  had 
been  added,  and  acted  upon  by  dilute  nitric  acid :  the  action  in  this 
case  was  moderate,  but  no  definite  result  was  obtained. 

When  equal  bulks  of  sulphuric  acid  and  creosote  were  carefully 
mixed,  the  rise  of  temperature  was  considerable,  and  the  liquid  assumed 
a  light  red  colour.    After  allowing  the  mixture  to  stand  for  twenty-four 
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hours  it  was  neutralised  by  hydrate  of  baryta,  the  excess  of  baryta 
thrown  down  by  carbonic  acid  gas,  and  the  liquid  filtered  and  con- 
centrated by  evaporation.  The  aqueous  solution,  when  evaporated  to 
dryness,  yields  the  salt  in  a  white  granular  mass ;  '7925  grm.  of 
this  salt  gave  '3555  grm.  sulphate  of  baryta  =29*47   per  cent,  of 

TT 

baryta.     The  formula  for  sulpho-cresylate  of  baryta,  ^  ^^  Q^SO^, 

requires  29*97  per  cent. 

Chlorine  gas  is  largely  absorbed  by  creosote,  the  liquid  assuming  a 
bright  red  colour ;  after  the  action  of  chlorine  has  been  continued  for 
some  time,  hydrochloric  acid  fumes  are  given  ofi^.  On  distilling  this 
liquid  after  previous  washing  with  carbonate  of  soda,  its  boiling  point 
was  found  to  vary  from  210°  C.  to  244°  C.  The  first  portions  of  the 
distillate  were  colourless,  the  last  of  a  faint  violet  colour ;  towards 
the  end  of  the  distillation  hydrochloric  acid  was  given  ofi"  in  con- 
siderable quantity,  the  product  being  evidently  decomposed. 


XXIV. — On  some  New  Compounds  of  Phenyl. 
By  Henry  Scrugham, 

STUDENT  IN  THE  LABOEATOET  OF  UNIVEESITT  COLLEGE. 

Hydrated  oxide  of  phenyl  or  carbolic  acid  was  obtained  in  con- 
siderable quantities  from  commercial  coal-tar  creosote. 

About  three  quarts  of  creosote  were  distilled,  and  all  that  came 
over  between  184°  C.  and  202°  collected ;  that  which  came  over 
below  184°  contained  a  large  quantity  of  water;  on  a  second  distilla- 
tion, the  distillate  was  separated  into  two  portions,  from  184°  to  196°, 
and  from  196°  to  202°,  the  greatest  portion  coming  over  below  197°; 
on  a  third  distillation,  the  distillate  was  collected  at  every  four 
degrees,  and  afterwards  at  every  two  degrees. 

By  repeated  distillations  the  boiling  point  gradually  lowered,  about 
one  third  of  the  whole  being  collected  between  184°  and  188°.  In 
distilling  the  portion  collected  from  184°  to  186°,  crystals  were 
observed  at  the  end  of  the  tube  of  the  retort,  and  in  the  receiver. 
Some  of  these  crystals  were  introduced  into  the  bottles  containing 
the  portions  collected  at  different  boiling  points,  and  a  considerable 
quantity  was  formed  in  those  portions  collected  at  and  below  188°, 
but  none  in  those  portions  which  were  collected  above  188°.  By  this 
method  of  introducing  crystals  already  formed  into  the  portions  col- 
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lected  between  186  and  188°,  the  number  of  distillations  required  in 
isolating  tliis  body  from  creosote  was  considerably  abridged. 

In  the  bottles  where  the  crystals  were  formed  there  was  a  consider- 
able quantity  of  liquid,  not  crystallized ;  this  was  poured  off,  re- 
distilled, and  more  crystals  obtained  from  it.  These  were  needle- 
shaped  and  had  a  silky  lustre,  and  when  separated  from  the  mother 
liquor,  distilled  at  184°,  and  condensed  in  the  neck  of  the  retort  into 
a  solid  mass  of  hydrated  oxide  of  phenyl,  having  the  specific  gravity 

of  1-0627,  and  by  analysis  gave  Qq  H6  0"^='^^^^0. 

Chloride  of  Phenyl. — To  prepare  chloride  of  phenyl,  said  to  have 
been  obtained  by  Laurent  and  Gerhardt  by  the  action  of  penta- 
chloride  of  phosphorus  on  carbolic  acid,  two  atoms  of  the  pentachlo- 
ride  were  added  in  small  portions  to  five  of  carbolic  acid.  The 
action  was  at  first  very  energetic,  a  considerable  amount  of  heat  was 
developed,  and  hydrochloric  acid  evolved;  but  after  adding  fresh 
portions  of  the  pentachloride,  the  action  ceased,  and  it  became  neces- 
sary to  heat  the  mixture.  When  the  whole  of  the  pentachloride  was 
dissolved,  the  mixture  was  distilled  upwards,  and  when  it  had  nearly 
ceased  to  give  off  hydrochloric  acid,  the  distillate  was  collected.  Very 
little  came  over  below  200°  C,  but  at  210°  it  began  to  distil  freely, 
and  at  240°  ebullition  ceased,  and  the  temperature  rose  rapidly  to 
260°;  about  one-tenth  of  the  whole  came  over  below  240°.  The 
mixture  in  the  retort  then  began  to  thicken,  and  the  colour  became 
dark  brown  ;  at  this  point,  the  process  was  discontinued.  The  dis- 
tillate thus  obtained  was  limpid  and  colourless,  and  possessed  the 
characteristic  odour  of  oxychloride  of  phosphorus ;  on  treating  it  with 
hot  water,  and  afterwards  with  a  dilute  solution  of  potash,  an  oily 
substance  collected  at  the  bottom  of  the  vessel,  and  remained  un- 
changed after  three  or  four  washings  with  hot  water. 

On  drying  and  distilling  this  substance,  a  small  portion  came  over 
about  110°;  the  temperature  then  rose  rapidly  to  136°;  and  about 
two-thirds  of  the  whole  quantity  came  over  between  140°  and  146°. 
On  submitting  this  to  fractional  distillation,  the  boiling  point  appeared 
to  be  about  138°  ;  but  the  quantity  was  small. 

To  a  few  drops  of  this  substance  strong  nitric  acid  was  added,  in 
order  to  decompose  and  test  it  for  phosphorus.  Very  little  action 
took  place  in  the  cold ;  but  on  heating,  the  nitric  acid  was  decom- 
posed, and  nitrous  fumes  given  off;  but  the  substance  did  not 
blacken.  On  boiling  this  mixture  with  sulphuric  acid,  no  change 
appeared  to  be  produced ;  but  on  adding  water,  a  yellow  oily  matter 

*  H  =  l:    0=16:   0=12. 
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was  precipitated,  which  solidified  on  cooling.  The  liquid  portion 
tested  with  chloride  of  ammonium,  ammonia,  and  sulphate  of  magnesia, 
gave  no  evidence  of  the  presence  of  phosphoric  acid.  To  another 
portion  of  the  distillate  nitric  acid  was  added,  the  mixture  evaporated 
down  to  a  small  bulk,  and  carbonate  of  soda  added ;  the  whole  was 
evaporated  to  dryness  and  ignited ;  the  residue  dissolved  in  water, 
and  tested  as  above  for  phosphoric  acid;  but  no  precipitate  was 
obtained  :  molybdate  of  ammonia  likewise  gave  no  precipitate. 

The  experiment  of  producing  chloride  of  phenyl  by  the  action  of 
pentachloride  of  phosphorus  on  carbolic  acid  was  repeated.  An 
excess  of  the  pentachloride  was  added,  and  the  mixture  distilled  up- 
wards as  before,  but  only  a  very  small  distillate  was  obtained,  consist- 
ing chiefly  of  oxychloride  of  phosphorus ;  the  residue  in  the  retort 
became  very  thick  and  black. 

The  experiment  was  then  repeated  as  in  the  first  instance,  and 
about  the  same  proportion  of  colourless  liquid  obtained ;  this  was 
purified  as  before,  and  after  subjecting  it,  together  with  the  former, 
to  a  series  of  fractional  distillations,  a  fixed  boiling  point  was  obtained 
at  136°  C.  This  substance  was  tested  for  chlorine  by  burning  a  few 
drops  in  a  glass  tube  with  dry  lime ;  the  lime  was  washed  out  with 
water  and  a  little  nitric  acid,  the  solution  filtered,  and  nitrate  of 
silver  added,  when  a  very  decided  precipitate  was  formed,  indicating 
the  presence  of  chlorine.  A  small  portion  of  phenylate  of  soda  was 
prepared,  and  a  few  drops  of  the  distillate  which  boiled  at  136° 
added  to  it ;  the  mixture  heated  strongly ;  a  little  water  added,  the 
liquid  filtered,  and  the  filtrate  treated  with  nitrate  of  silver,  when  a 
precipitate  was  formed  which  proved  to  be  chloride  of  silver. 

This  liquid  boiling  at  136°  C,  is  the  chloride  of  phenyl;  it  is 
a  colourless  mobile  liquid,  having  a  fragrant  odour.  It  is  soluble  in 
alcohol  and  ether;  insoluble  in  ammonia;  partially  soluble  in  cold, 
but  easily  dissolved  in  hot  potash. 

The  results  obtained  by  the  analysis  of  this  body  were  not  very 
satisfactory,  owing,  it  is  presumed,  to  the  presence  of  hydrate  of 
phenyl. 

The  mean  of  two  combustions  with  chromate  of  lead  gave  per 
cent. — 

C     .         .         .     66-58 
H    .         .         .       4-93 

0-3873  grms.  of  the  substance  burnt  in  lime  gave, 
0-5081      „    chloride  of  silver,  corresponding  to 
30-83  per  cent,  of  chlorine. 
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6Q  .     , 

.  720 

64-00 

66-58 

5H  .     . 

,     .     5-0 

4-45 

4-93 

CI     .     . 

.  35-5 

31-55 

30-83 

CeHgCl  112-5  10000  102-34 

Tribasic  Phosphate  of  Phenyl  (Cg  115)3,  ^^4- — The  thick  oily  sub- 
stance which  remained  in  the  retort  after  the  separation  of  the 
chloride  of  phenyl,  and  appeared  to  be  non-volatile,  was  treated 
with  a  strong  solution  of  potash,  which  was  afterwards  removed 
by  repeated  washings  with  water;  it  was  then  dried  under  the 
receiver  of  the  air-pump,  and  distilled.  A  small  portion,  having  a 
brownish  colour,  came  over  at  200°  C,  and  crystallised  in  the  neck  of 
the  retort,  having  all  the  appearance  of  hydrate  of  phenyl. 

The  temperature  gradually  rose  until  it  became  necessary  to  remove 
the  thermometer,  after  which  the  liquid  began  to  distil,  apparently 
without  further  decomposition ;  the  distillate  was  a  clear  oily  sub- 
stance, having  a  yellow  tinge,  like  that  of  uranium  glass  ;  towards  the 
close  of  the  operation,  the  distillate  became  darker,  and  a  charred 
mass  was  left  in  the  retort. 

On  a  second  distillation  of  this  substance,  a  small  portion  came  over 
slightly  coloured ;  but  the  greater  part  was  colourless  when  first 
distilled,  and  after  standing  some  time  acquired  a  yellow  tinge  by 
transmitted  light;  a  small  portion  obtained  towards  the  close  of  the 
distillation  was  of  a  light  yellow  colour,  and  a  charred  substance  was 
again  left  in  the  retort.  The  presence  of  phosphoric  acid  in  this 
liquid  was  demonstrated  by  mixing  a  few  drops  of  the  purest  portion 
with  ethylate  of  soda  ;  evaporating  the  mixture  to  dryness ;  igniting 
the  residue;  adding  the  charred  mass  by  small  portions  to  fused 
nitrate  of  potash ;  dissolving  the  product  in  water ;  neutralising  with 
hydrochloric  acid ;  and  testing  for  phosphoric  acid  in  the  ordinary  way, 
with  ammonia  and  a  magnesia  salt. 

Phosphate  of  phenyl  boils  at  a  temperature  considerably  above  the 
range  of  mercurial  thermometers.  It  is  inodorous,  soluble  in  alcohol 
and  ether,  but  insoluble  in  potash,  except  by  boiling.  It  sinks  in  a 
cold  solution  of  potash,  but  rises  to  the  surface  on  the  application  of 
heat,  and  again  falls  to  the  bottom  on  cooling ;  showing  that  it 
expands  by  heat  in  a  remarkable  degree.  It  also  possesses  the 
peculiar  property  of  epipolic  diffusion ;  by  ordinary  day-light  the 
epipolic  rays,  which  have  a  fine  violet  tint,  are  visible  at  some  distance 
below  the  surface ;  the  flame  of  sulphur  does  not  produce  this  effect 
more  strongly  than  the  light  of  the  sun. 
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Some  difficulty  was  found  in  burning  this  body,  on  account  of  the 
high  temperature  required  to  volatilise  it. 

The  phosphoric  acid  was  determined  by  adding  a  weighed  portion 
of  the  substance  to  a  strong  solution  of  potash  ;  the  mixture  was 
evaporated  to  dryness  in  a  silver  crucible,  and  nitrate  of  potash  added 
to  perfect  the  oxidation ;  this  fused  mass  was  dissolved  with  distilled 
water,  boiled  and  filtered,  the  filtrate  acidulated  with  hydrochloric  acid, 
and  again  boiled  to  expel  all  the  carbonic  acid.  Ammonia  and  sul- 
phate of  magnesia  were  then  added,  and  the  double  phosphate 
collected  on  a  filter,  washed  with  ammoniacal  water,  dried,  ignited, 
and  weighed  as  pyrophosphate  of  magnesia. 

The  following  were  the  results  of  analysis, — 

I.  0-3026  grm.  gave  0-1396  water,  0*7256  carbonic  acid. 
II.  0-3388     „       „     0-1572      „     08256 

Hence  in  100  parts  : — 

Experiment. 
Theory. 


I. 

II. 

III. 

Mean. 

18^     . 

.     2160 

6611 

65-40 

65-92 

— 

65-92 

15  H     . 

.       150 

4-59 

5-12 

5-13 

— 

5-13 

P      . 

.       31-7 

9-71 

— 

— 

8-90 

8-90 

4a   . 

.       64-0 

19-59 

— 

— 

— 

20-05 

(Cg  H^jg,  PO4  326-7       10000  100-00 

III.  0-8713  grm.  gave 

0-2794    „     pyrophosphate  of  magnesia,  corresponding  to 
20-24  per  cent,  of  phosphoric  acid,  or  8*90  of  phosphorus. 

Acetate  of  Phenyl,     ^    I,     Q. — Acetate  of  potash  dissolved  in 

absolute  alcohol  was  acted  upon  by  phosphate  of  phenyl.  No  action 
took  place  in  the  cold,  but  after  distilling  upwards  for  some  time,  the 
acetate  was  decomposed,  and  when  the  alcohol  was  distilled  off  the 
temperature  rose  rapidly.  The  distillate  which  came  over  from 
180°  C.  to  220°  was  distilled  fractionally,  and  a  fixed  boiling  point 
obtained  at  190°.  This  compound  is  presumed  to  be  the  acetate  of 
phenyl ;  it  is  a  colourless  mobile  liquid,  having  a  peculiar  aromatic 
odour ;  it  is  slightly  soluble  in  water,  and  dissolves  with  decomposition 
in  hot  water. 

The  following  results  obtained  by  the  analysis  of  this  body  show 
that  it  was  not  obtained  in  a  state  of  purity. 

I.  0-3390  grm.  gave  0-2012  grm.  water,  0*9003  grm.  carbonic  acid. 
II.  0-2279    „     „       0-1359       „     „       06078     „ 
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Hence  in  100  parts — 

Theory, 


Experiment. 


SQ     .     .96  70-58  72-42  72'73  72-57 

8H     .     .     8  5-88  6-59  6-62  6*60 

2  O     .     .32  23-54  20-99  20-65  20-83 

^2^^^0  136  100-00  100-00  100-00  100-00 

Nitrophosphate  of  Phenyl. — Phosphate  of  phenyl  dissolves  in 
fuming  nitric  acid  with  evolution  of  heat ;  on  boiling  the  solution 
nitrous  fumes  were  given  off,  and  apparently  a  combination  effected. 
A  portion  of  the  compound,  when  cold,  boiled  with  hydrate  of  potash, 
yielded  a  yellow  crystalline  body  on  cooling.  On  adding  cold  water 
to  the  remaining  portion  of  the  compound  formed  by  the  action  of 
nitric  acid  on  phosphate  of  phenyl,  a  yellow  oily  substance  was 
thrown  down,  which  solidified  on  the  application  of  heat ;  this  body 
is  probably  the  nitrophosphate  of  'phenyl,  and  forms  with  potash  a 
beautiful  crystalline  salt,  which  has  not  yet  been  fully  examined. 

Cyanide  of  Phenyl  is  obtained  by  the  action  of  cyanide  of  potassium 
on  the  phosphate.  It  is  decomposed  by  boiling,  with  evolution  of 
ammonia. 

Oxide  of  Phenyl. — A  mixture  of  chloride  of  phenyl  and  phenylate 
of  soda  was  heated  with  the  view  of  obtaining  the  oxide  of  phenyl;  the 
mixture  swelled  up  and  blackened,  but  no  distillate  was  obtained. 
Nitric  acid  was  added  to  a  portion  of  the  substance,  and  the  solution 
treated  with  nitrate  of  silver;  a  white  precipitate  was  obtained, 
showing  that  chloride  of  sodium  had  been  formed ;  hence  it  is  probable 
that  oxide  of  phenyl  was  separated. 

Hydruret  of  Phenyl. — Four  ounces  of  carbolic  acid  were  intro- 
duced into  a  retort,  together  with  an  equivalent  of  terchloride  of 
phosphorus.  The  action  in  the  cold  was  very  moderate,  but  on 
applying  heat  a  brisk  action  took  place.  The  mixture  was  distilled 
upwards  for  some  time,  and  afterwards  the  distillate  collected ;  a 
blackened  substance  was  left  in  the  retort.  The  distillate  was  then 
distilled  fractionally,  a  portion  coming  over  between  80°  and  90°  C, 
the  temperature  gradually  rising  to  220°,  and  a  black  residue  being 
again  left  in  the  retort.  The  first  portion  was  redistilled,  and  nearly 
the  whole  came  over  about  80°  C.  This  body  was  a  colourless  limpid 
liquid,  which  floated  on  water,  and  had  the  odour  of  benzin  or  hydruret 
of  phenyl.  On  redistilling  the  other  portions,  very  little  came  over 
below  186°,  and  it  appeared  to  consist  chiefly  of  hydrate  of  phenyl. 
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Iodide  of  Phenyl. — To  a  solution  of  6  oz.  of  iodine  in  chloroform, 
hydrate  of  phenyl  and  phosphorus  were  added  in  the  proportions  of 
three  equivalents  of  the  hydrate  and  one  of  phosphorus  to  five  of 
iodide,  the  phosphorus  being  introduced  in  very  small  pieces,  and  just 
sufficient  heat  applied  to  keep  the  mixture  boiling;  it  was  distilled 
upwards  for  about  two  hours,  during  which  time  a  reddish  crystalline 
substance  formed  in  the  neck  of  the  retort.  After  distilling  off  the 
chloroform,  there  remained  in  the  retort  a  thick  viscid  mass,  apparently 
containing  an  excess  of  iodine :  to  this  more  hydrate  of  phenyl  and 
phosphorus  were  added,  and  the  mixture  distilled  to  dryness  ;  a  con- 
siderable quantity  of  blackened  matter  remained  in  the  retort. 

The  chloroform  distillate,  which  was  coloured  with  iodine,  was 
redistilled,  all  that  came  over  above  80°  C.  being  kept  separate,  and 
added  to  the  first  distillate ;  the  whole  was  then  distilled  fractionally. 
It  began  to  boil  at  120°  C.  :  the  last  portion  coming  over  at  220,°  and 
the  largest  portion  from  190°  to  200°;  but  the  whole  was  highly 
coloured  by  free  iodine.  Sulphide  of  ammonium  was  added,  which 
quickly  removed  the  colour,  and  it  was  observed  that  those  portions 
collected  above  160°  C.  fell  to  the  bottom,  being  heavier  than  the 
sulphide  of  ammonium,  while  those  portions  having  a  lower  boiling 
point  floated  on  the  surface. 

A  few  drops  of  that  which  came  over  about  190°  were  added  to 
ethylate  of  soda  ;  the  mixture  evaporated  to  dryness  and  ignited ;  the 
charred  matter  added  to  fused  nitrate  of  potash  ;  and  a  portion  of 
the  mixture,  when  cold,  was  dissolved  in  distilled  water,  filtered, 
and  the  filtrate  acidulated  with  nitric  acid ;  on  addition  of  starch- 
paste  the  characteristic  blue  colour  gave  evidence  of  the  presence  of 
iodine  ;  but  the  small  quantity  thus  indicated  showed  that  the  iodide 
of  phenyl  is  very  difficult  to  obtain. 

To  six  and  a  half  ounces  of  carbolic  acid,  fourteen  ounces  of  iodine 
and  three-fourths  of  an  ounce  of  phosphorus  were  added  at  intervals, 
as  the  combination  was  efi'ected,  care  being  taken  to  keep  the  iodine 
in  excess ;  hydriodic  acid  was  evolved  in  large  quantities.  The  pro- 
cess was  continued  for  about  six  hours,  the  neck  of  the  retort  being 
elevated  and  the  hydriodic  acid  vapour  received  in  ammonia.  When 
no  more  gas  was  given  off,  the  mixture  was  distilled,  and  a  large 
quantity  of  black  residue  was  left  in  the  retort.  This  experiment  was 
repeated  a  second  time,  and  the  distillate  submitted  to  fractional  dis- 
tillation; it  appeared  to  separate  into  two  bodies,  the  one  boiling 
below  200°,  and  the  other  between  250°  and  264°  C.  On  adding 
hydrate  of  potash  to  those  portions  which  came  over  below  250°, 
about  three-fourths  of  the  whole  dissolved.     The  portion  insoluble  in 
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potash  was  washed  with  distilled  water,  dried  and  distilled  ;  the  greater 
part  of  it  came  over  above  250°. 

After  repeated  distillations  of  those  portions  which  came  over  above 
250°,  a  fixed  boiling  point  was  obtained  at  260°  C.  :  a  few  drops  of 
this  liquid  were  tested,  and  found  to  contain  iodine. 

The  body  thus  obtained  is  presumed  to  be  the  Iodide  of  Phenyl ; 
it  is  colourless  when  first  obtained,  but  acquires  a  brownish  colour 
after  standing  some  time.  I  regret  that  I  have  not  been  able  to 
?inalyse  it. 


XXV. —  Chemical  Notes. 
By  James  Spencer, 

STUDENT  IN  THE  LABOEATORT  OF  ITNIYEnSITY  COLLEGE. 

I.   On  a  new  compound  obtained  from  Benzol  by  the  action  of 
Chloride  of  Iodine. 

As  benzol  may  be  regarded  as  the  hydruret  of  phenyl,  C^g  H3  .  H, 
it  seemed  probable  that  the  action  of  the  protochloride  of  iodine 
might  lead  to  the  formation  of  iodide  of  phenyl. 

The  two  chlorides  of  iodine,  I  CI  and  I  CI3,  appear  not  to  be  very 
readily  obtained  of  definite  composition. 

Dry  chlorine  gas  passed  over  dry  iodine  is  readily  absorbed, 
with  production  of  a  blood-red  liquid :  an  excess  of  chlorine 
leads  to  the  formation  of  a  solid  crystalline  compound  of  a  yellow 
colour.  The  first  should  be  the  protochloride,  the  second  the  ter- 
chloride,  but  there  appears  to  be  no  definite  stage  in  the  absorption 
which  marks  the  limits  of  the  formation  of  the  two  compounds ;  in 
fact,  it  does  not  appear  easy  to  obtain  either  perfectly  free  from  the 
other  by  the  direct  combination  of  the  elements. 

The  liquid  chloride  does  not  appear  to  exert  any  sensible  action 
upon  benzol ;  the  solid  compound  which  was  afterwards  tried  exerts  a 
very  violent  action. 

A  small  quantity  of  benzol  was  added  to  an  excess  of  the  solid 
chloride  of  iodine  (which  was  probably  not  very  definite  in  composi- 
tion, but  consisted  principally  of  the  terchloride) ;  very  violent  action 
took  place,  accompanied  by  great  evolution  of  heat.  Small  quantities 
of  benzol  were  added  from  time  to  time,  the  temperature  being  care- 
fully kept  down  between  each   addition,  until  further  addition  pro- 


BY  MR.  J.   SPENCER.  245 

duced  no  action ;  a  considerable  quantity  of  iodine  crystallised  out  on 
cooling,  and  a  further  quantity  was  dissolved  in  the  excess  of  benzol 
used. 

After  pouring  off  the  excess  of  benzol,  and  removing  the  free  iodine 
by  means  of  cold  alcohol,  a  granular  solid  substance  remained,  very 
slightly  soluble  in  cold  alcohol,  but  soluble  to  a  considerable  extent 
in  boiling  alcohol,  from  which  it  crystallises,  on  cooling,  in  small 
colourless  needle-shaped  crystals ;  by  two  or  three  crystallisations 
from  boiling  alcohol  the  substance  may  be  obtained  perfectly  pure. 

A  small  quantity  of  a  perfectly  pure  specimen  of  this  substance 
was  fused  with  caustic  potash  ;  its  decomposition  was  by  no  means 
readily  effected.  The  potash  solution,  when  neutralised,  after  decom- 
position, afforded  a  copious  indication  of  iodine  by  the  starch  test ; 
the  existence  of  chlorine  in  the  compound  was  also  qualitatively 
ascertained. 

The  substance  fuses  at  a  temperature  not  greatly  exceeding  100° 
C,  and  afterwards  sublimes  without  decomposition,  condensing  in 
the  cooler  part  of  the  tube  in  very  beautiful  needle-shaped  crystals, 
some  of  which  were  nearly  half  an  inch  in  length. 

When  more  strongly  heated,  it  is  partially  decomposed,  violet  vapours 
of  free  iodine  being  giving  off,  and  a  carbonaceous  residue  left  in  the 
tube ;  a  portion  also  of  the  substance  sublimes  undecomposed. 

Not  having  been  able  to  make  a  quantitative  analysis  of  this  sub- 
stance, I  cannot  venture  to  decide  upon  its  formula. 

II.  An  attempt  to  obtain  the  acids  homologous  with  Benzoic  Acid 
from,  the  corresponding  Hydi^ocarbons. 

For  reasons  similar  to  the  above,  it  seemed  probable  that  cyanide 
of  phenyl  might  be  obtained  from  benzol  by  the  action  of  chloride  of 
cyanogen,  according  to  the  equation — 

C12H5H  +  C2NCI  =  C12H5C2N  +  HCl. 
The  experiment  was  tried  with   every  precaution,  perfectly  pure  and 
dry  chloride  of  cyanogen  being  passed  through  benzol,  both  dry  and 
moist,  first   at  the    ordinary  temperature,  and  afterwards  near  the 
boiling  point  of  the  liquid ;  but  no  reaction  was  obtained. 

If  we  could  obtain  cyanide  of  phenyl  in  this  manner,  we  might  also, 
by  acting  upon  it  wkh  alcoholic  potash,  obtain  benzoic  acid, — just  as 
cyanide  of  ethyl,  similarly  treated,  yields  propionic  acid;  and  if  so,  we 
might  likewise  hope  by  similar  means  to  obtain  from  xylol  the 
hitherto  undiscovered  acid  homologous  with  benzoic  acid,  and  having 
the  composition  C13H10O4. 


|L 
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III.  On  the  action  of  Hydrochloric  Acid  upon  a  mixture  of 
Acetone  and  Alcohol. 

Dr.  Williamson  has  found  that  when  a  mixture  of  equivalent 
proportions  of  acetate  of  soda  and  valerate  of  potash  is  submitted  to 
dry  distillation,  the  principal  product  is  neither  acetone  nor  valerone, 
but  a  compound  of  intermediate  composition,  having  the  formula 
Ci^H.^O^r^CgHgO  +  CgHgO. 

The  production  of  amylovinic  ether,  C^fi^QO^  =  C^^fi  +  Q^Qll^fi, 
by  the  distillation  of  a  mixture  of  the  vinic  and  amylic  alcohols 
with  sulphuric  acid,  appears  to  be  an  example  of  the  same  kind  of 
action. 

It  is  well  known  that  the  elements  themselves  generally  exhibit  a 
greater  tendency  to  renewed  combination  at  the  moment  of  their 
liberation  in  a  free  state  from  previous  combination,  or  in  their 
nascent  state  as  it  is  termed,  than  in  their  ordinary  condition ;  from 
the  examples  above  cited  this  would  appear  to  be  also  true  of  com- 
pound bodies. 

When  acetone  and  alcohol  are  separately  saturated  with  hydrochloric 
acid  gas,  there  is  formed  from  the  one,  chloride  of  mesityl,  CgHsCl ; 
from  the  other,  chloride  of  ethyl,  C4H5CI ;  the  reaction  in  both  cases 
being  apparently  quite  similar.  It  appeared,  therefore,  interesting 
to  try  the  action  of  dry  hydrochloric  acid  gas  upon  a  mixture  of 
the  two. 

For  this  purpose,  a  mixture  of  two  parts  by  measure  of  alcohol  and 
one  part  of  acetone  was  treated  with  dry  hydrochloric  acid  gas  until 
nearly  saturated  in  the  cold.  The  spirit  used  contained  about  91 
per  cent,  of  absolute  alcohol,  the  acetone  about  95  per  cent,  of  real 
acetone ;  both  were  obtained  of  this  strength  by  treating  the  com- 
mercial articles  with  carbonate  of  potash.  The  temperature  of  the 
mixture  during  the  earlier  part  of  the  operation  was  allowed  to  rise 
in  order  to  promote  combination,  but  was  suppressed  during  the 
latter  part  to  effect  a  more  complete  saturation  with  the  acid.  During 
the  operation,  the  mixture  assumes  a  deeper  colour,  and  ultimately 
becomes  nearly  black.  On  adding  water  to  a  small  portion,  after 
saturation,  a  very  small  quantity  of  a  black  oily  body  is  thrown  to 
the  surface.  By  allowing  the  saturated  mixture  to  remain  at  rest 
for  eight  or  nine  days,  the  quantity  of  this  product  is  greatly  increased. 
It  may  then  be  best  eliminated  by  adding  to  the  mixture  four  or  five 
times  its  volume  of  water,  when  the  insoluble  crude  black  product 
rises  to  the  surface ;  the  quantity  of  this  was,  in  one  of  the  most  suc- 
cessful operations,  nearly  equal  to  one-fourth  of  the  volume  of  acetone 
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and  alcohol  taken.  The  product  is  not  increased  by  allowing  the 
mixture  to  remain  more  than  eight  or  nine  days  after  saturation, 
whilst  the  black  tarry  matter  with  which  it  is  at  all  times  con- 
taminated,  is  then  much  increased,  and  the  oil  is  rendered  much 
more  difficult  to  wash,  owing  to  an  increase  of  its  specific  gravity, 
which  is  then  almost  identical  with  that  of  water. 

An  attempt  was  made  to  distil  the  crude  product,  after  drying  and 
freeing  it  from  acid  by  agitation  with  carbonate  of  potash ;  but  decom- 
position took  place,  hydrochloric  acid  being  copiously  evolved.  After 
many  attempts  to  purify  it,  which  were  attended  with  only  partial 
success,  I  ultimately  succeeded  in  effecting  its  separation  from  the 
black  tarry  substance,  by  placing  the  crude  product  in  a  retort 
capable  of  holding  four  or  five  times  its  volume,  connecting  the  re- 
tort with  a  Liebig's  condenser,  and  passing  a  strong  jet  of  steam 
into  it  through  the  tubulure  of  the  retort ;  a  pale  yellow  oil  then  passed 
over  with  the  vapour  of  water,  the  quantity  of  the  oil  being  somewhat 
greater  than  that  of  the  water  which  accompanied  it.  After  a  second 
distillation  by  this  process,  the  oil  was  obtained  perfectly  free  from 
the  tarry  substance,  but  considerably  diminished  in  volume,  both 
from  the  abstraction  of  this  tarry  residue,  and  from  the  fact  that  a 
considerable  quantity  of  acetone  and  alcohol  was  dissolved  out  by  the 
steam. 

The  light  yellow  oil  thus  obtained  was  submitted  to  fractional  dis- 
tillation ;  complete  ebullition  commenced  at  about  100°  C. ;  the  distil- 
lation was  carried  on  till  the  thermometer  rose  to  180°,  with  a  con- 
siderable residue.  The  temperature  rose  gradually,  but  was  somewhat 
steady  between  130°  and  140°.  At  about  140°,  slight  decomposition 
began  to  occur,  and  the  contents  of  the  retort  assumed  a  reddish 
tinge,  which  gradually  increased,  the  residue  being  nearly  black* 
Fractions  were  first  taken  for  every  ten  degrees. 

After  repeated  distillations  of  the  lower  fractions,  and  addition  of 
water  to  those  portions  which  came  over  below  120°  (in  which  they  . 
were  found  to  be  partially  soluble),  the  range  of  temperature  was 
reduced  to  125°  and  150°;  of  this,  about  one-half  came  over  between 
129°  and  133°.  About  a  third  of  the  whole  product  distilled  at  a  tem- 
perature above  160°,  with  partial  decomposition,  giving  off  hydro- 
chloric acid.  The  liquid  collected  above  160°,  when  treated  with 
alcoholic  solution  of  potash,  is  instantly  decomposed,  with  formation 
of  chloride  of  potassium;  with  alcoholic  solution  of  ammonia,  this 
decomposition  is  much  slower. 

From  the  principal  of  the  lower  fractions  (that  collected  between 
129°  and  133°)  no  chloride  of  potassium  was  deposited  on  treatment 
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with  an  alcoholic  solution  of  potash.  This  portion,  when  treated  with 
ordinary  nitric  acid,  is,  with  the  aid  of  gentle  heat,  violently  acted  on, 
with  formation  of  an  oily  viscid  liquid  heavier  than  water,  doubtless  a 
nitro-compound  of  the  original  substance. 

It  is  evident  that  the  action  of  hydrochloric  acid  upon  a  mixture  of 
acetone  and  alcohol  leads  to  the  formation  of  at  least  two  bodies,  one 
having  its  boiling  point  about  1 29°  and  133°,  and  apparently  containing 
no  chlorine ;  the  second  having  its  boiling  point  probably  considerably 
above  160°,  which  contains  chlorine,  and  is  of  an  extremely  unstable 
character.  I  could  discover  no  available  means  of  isolating  the  latter  : 
the  study  of  the  products  of  decomposition,  when  acted  on  by  caustic 
potash,  may  perhaps  throw  some  light  on  its  constitution.  Of  the 
first,  although  it  was  many  times  distilled,  and  although  the  relative 
volumes  of  the  different  fractions  were  not  greatly  changed  after  each 
complete  distillation  of  the  whole,  T  could  not  obtain  a  perfectly  fixed 
boiling  point  with  the  small  quantity  at  my  disposal. 

It  may  be  worthy  of  remark  that  the  moderate  action  of  sulphuric 
acid  upon  acetone  gives  rise  to  the  formation  of  an  oily  liquid  closely 
resembling  that  produced  by  the  action  of  hydrochloric  acid  upon  a 
mixture  of  acetone  and  alcohol.  When  equal  volumes  of  acetone  and 
concentrated  sulphuric  acid  are  carefully  mixed,  the  acetone  being 
added  to  the  acid  in  quantities  not  exceeding  one-hundredth  part  of 
the  volume  of  the  acid  at  a  time,  the  whole  rapidly  shaken  up  and 
allowed  to  cool  before  the  next  addition,  the  mixture  allowed  to 
remain  at  rest  for  twenty-four  hours,  and  then  neutralised  with  lime, 
there  is  formed,  in  addition  to  a  soluble  lime-salt,  an  aromatic  volatile 
oil,  which  may  be  separated  by  distilling  the  filtrate  from  the  sul- 
phate of  lime,  until  about  a  sixth  part  has  passed  over,  the  oily  liquid 
coming  over  first,  and  forming  a  stratum  upon  the  surface  of  the 
aqueous  distillate.  The  fractional  distillation  of  this  liquid  after 
drying  shows  that  it  contains  a  considerable  quantity  of  acetone; 
but  after  treating  the  lower  fractions  with  water,  to  remove  the 
acetone,  the  boiling  point  is  considerably  raised,  and  the  range  of 
temperature  reduced  to  118° — 150°C.  By  far  the  largest  fractions 
were  those  collected  at  128°— 130°  and  130°— 132°,  the  latter  the 
greater  of  the  two.  The  true  boiling  point  is  evidently  about 
130°— 132°. 

This  oily  liquid  appears  to  be  identical  in  boiling  point  with  one  of 
those  obtained  by  the  action  of  hydrochloric  acid ;  it  resembles  the 
latter  also  in  its  insolubility  in  water,  ready  solubility  in  alcohol  and 
ether,  in  the  perfect  identity  of  its  odour  (resembling  that  of  peppermint). 
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and  in  colour.  Nitric  acid  acts  on  both  under  the  same  circumstances, 
leading  in  both  cases  to  the  production  of  a  heavy  oily  liquid.  Indeed, 
there  is  no  examined  property  by  which  they  can  be  distinguished. 
The  temperature  at  which  the  oily  liquid  is  formed  is  very  low,  never 
more  than  momentarily  exceeding  120°  F.,  and  never  in  any  case,  I 
believe,  exceeding  200°  F.  I  think  the  two  liquids  will  be  found  to  be 
identical ;  if  so,  this  would  prove  that  the  alcohol  took  no  part  in  the 
formation  of  that  obtained  by  the  action  of  hydrochloric  acid. 


NOTICES 

OF 

PAPERS    CONTAINED    IN    OTHER    JOURNALS. 
By  Henry  Watts,  B.A.,  F.C.S. 


IMTai^nus's  Gas  Apparatus  for  Organic  Analysis."* 

An  apparatus  for  the  purpose  mentioned  has  been  described  by 
Dr.  Sonnenscheinin  the  "Journal  fiir  praktische  Chemie/'  Bd.  Iv. 
480,  over  which,  however,  the  following  one  appears  to  possess 
some  advantages.  Fig.  1  (see  p.  251)  represents  a  front  view,  and 
Fig.  2  a  side  view  of  the  apparatus. 

a  ^  is  a  tube  of  brass,  into  which  the  gas  is  introduced  by  means  of 
the  two  cocks  a  and  b.  This  tube  rests  on  two  metal  stands,  c  d 
and  e  e\  which  are  screwed  into  the  pieces  of  wood  D  and  E,  and  are 
represented,  as  looked  at  from  the  side,  in  Fig.  3.  The  gas  issues  from 
the  tube  through  one  hundred  and  eighty  fine  orifices,  which  arc  two 
lines  apart  from  each  other,  and  run  parallel  to  the  axis  of  the  tube. 
To  cause  the  apertures  always  to  face  upwards,  the  tube  is  furnished 
at  e  with  a  square  projection,  which  fits  into  the  slot  e  of  the  stand. 
At /and  h,  plates  of  brass,  of  the  iovmfg,  Fig.  2,  are  fastened  to 
the  tube  a  b.  On  these  rests  the  chimney-like,  tapering  chest 
f  g  hihy  formed  of  black  sheet  iron,  and  in  which  the  gas  mixes 
with  atmospheric  air.  The  chest  is  closed  above  at  i  k  by  metallic 
gauze,  which,  in  order  to  permit  of  its  easy  renewal,  is  rolled  round 
two  suitably  fixed  iron  bars.  This  chest  is  furnished  with  several 
stays,  I  m  rij  which  serve  to  impart  to  it  a  greater  degree  of  stability. 
Pieces  of  strong  wire,  o  p,  are  also  riveted  to  the  ends  of  the  chest, 
and  the  extremities  of  these  wires  reach  through  the  pieces  of 
brass,/)  g,  and  h,  being  held  fast  by  small  wedges.  Without  this  pre- 
caution, the  chest  would  rise  at  one  or  the  other  of  its  corners  on  heat 
being  imparted  to  it,  and  the  wire  gauze  would  not  remain  plane. 

q  r  represents  the  heated  glass  tube,  which  is  suspended  from  the 
iron  rod  s  t.  From  this  rod  the  sheets  of  tin,  y,  are  also  suspended, 
which  serve  to  prevent  cooling  by  the  external  air. 

*  Communicated  bj  H.  Bencc  Jones,  M.D, 
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In  order  to  be  able  to  heat  the  tube  q  r  gradually  from  one  end  to 
the  other,  or  to  impart  heat  to  it  at  particular  points,  the  pieces  of 
brass  x  z  are  made  use  of,  by  means  of  which  the  apertures  of  the 
tube  a  b  may  be  partially  closed.  They  are  carefully  grooved  on  to 
the  tube  a  b,  and  furnished  with  a  handle  w,  by  which  they  can  be 
laid  upon  the  tube  or  raised  off  it  with  facility.  When  the  pieces 
are  laid  on,  the  whole  of  the  handles  lean  against  the  strong  wire  v  w, 
which  also  serves  to  keep  the  pieces  D  ^  at  a  constant  distance  from 
each  other.  To  limit  the  point  to  which  the  combustion  is  required 
to  extend,  pieces  of  sheet  iron  of  the  form  oi  A  B  are  laid  upon  the 
metal  gauze  i  k.  These  pieces  being  gradually  laid  on  from  Jc  to  i,  and 
the  pieces  x  z  being  removed,  the  heating  proceeds  gradually  in  the 
same  direction. 

Instead  of  the  pieces  of  brass  x  z,  pieces  of  tube,  capable  of  being 
turned  round  a  b,  and  furnished  with  a  single  slit  for  the  escape  of 
the  gas,  might  be  made  use  of.  The  pieces  oo  z  appear,  however,  on 
many  accounts,  to  be  more  convenient. 
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Oil  the  occurrence  of  Ozone  and  Peroxide  of  Hydrogen  in  tlie 
Electrolysis  of  Sulphuric  Acid. 

•By  Heinrich  Meidinger.* 

In  an  investigation  which  I  undertook  last  summer  with  the  view 
of  ascertaining  the  causes  which  give  rise  to  irregularities  in  the 
formation   of  the   decomposition-products   of  water   in    voltametric 

*  Communicated  by  the  author. 
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measurements,  I  had  occasion  to  make  some  interesting  observations 
on  the  relations  which  exist  between  the  volume  of  oxygen  evolved 
and  the  occurrence  of  ozone.  It  has  long  been  recognised  in  a  general 
way,  that  the  odour  which  betrays  the  presence  of  this  remarkable 
substance,  is  chiefly  produced  at  low  temperatures  and  under  the 
influence  of  powerful  currents,  although  considerable  influence  is 
likewise  exerted  by  the  strength  of  the  acid  in  which  the  decomposi- 
tion takes  place,  and  the  size  of  the  pole  from  which  the  oxygen 
escapes.  Now  my  observations  show  that  whenever  ozone  is  produced 
in  considerable  quantity,  the  volume  of  the  evolved  oxygen  is  much 
less  than  that  which  would  correspond  with  the  hydrogen  given  off^ 
at  the  same  time.  I  will  mention  a  few  of  my  experiments.  With 
a  feeble  current  which  evolved  256  cub.  cents,  of  hydrogen  in  twenty- 
seven  minutes,  the  quantity  of  oxygen  obtained  in  that  interval  was 
almost  exactly  128  cub.  cents.  The  odour  of  ozone  in  the  latter  was 
very  slight.  But  with  a  current  which,  in  forty-six  minutes,  yielded 
258  cub.  cents,  hydrogen,  the  quantity  of  oxygen  obtained  was  only 
108  cub.  cents.,  and  an  insupportable  odour  of  ozone  was  evolved. 
Similar  results  were  obtained  by  varying  the  temperature,  while  the 
strength  of  the  currents  remained  the  same.  Thus  in  one  experiment, 
at  4°  C,  227  cub.  cents,  hydrogen  were  obtained  in  five  minutes,  and 
only  92  cub.  cents,  oxygen;  whereas,  at  35°  C,  the  quantities  of  gas 
evolved  in  the  same  time  were  229  cub.  cents,  hydrogen,  and  111 
cub.  cents,  oxygen.  At  67°  C,  the  gases  were  evolved  in  the  atomic 
proportion,  and  the  odour  of  ozone  was  scarcely  perceptible,  whereas 
in  the  first  experiments  it  was  very  powerful. 

Variation  in  the  strength  of  the  acid  likewise  influenced  the  results. 
When  the  specific  gravity  of  the  acid  was  1  '4,  there  were  obtained  in 
six  minutes 245  cub.  cents,  hydrogen,  and  only  87  cub.  cents,  oxygen; 
but  with  an  acid  of  1*07  spec.  grav.  the  quantities  evolved  in  the 
same  time  were  244  cub.  cents,  hydrogen,  and  121  cub.  cents,  oxygen. 
Here  again  the  oxygen  smelt  but  very  faintly  of  ozone. 

These  differences,  however,  become  much  more  remarkable  when, 
instead  of  the  pole  used  in  the  foregoing  experiments,  which  consisted 
of  a  piece  of  platinum  foil  40  mm.  long  and  33  mm.  broad,  a 
platinum  wire  was  used  as  the  positive  pole.  Thus,  with  the  platinum 
foil  above  mentioned,  the  quantities  of  gas  evolved  in  nineteen  minutes 
were  248  cub.  cents,  hydrogen  and  122  cub.  cents,  oxygen;  whereas 
with  a  platinum  wire  20  mm.  long  and  4  mni.  thick,  the  quantities 
obtained  under  exactly  the  same  circumstances  were  253  cub.  cents, 
hydrogen,  and  only  40  cub.  cents,  oxygen, — an  astonishing  deficiency  ; 
and,  as  before,  the  oxygen  smelt  most  intensely  of  ozone. 

These  experiments  seem  to  show  that  the  production  of  ozone 
exerts  a  very  important  influence  on  the  volume-relations  of  the 
evolved  oxygen.  If  now  all  the  oxygen  which  was  deficient  in  the 
results  of  the  electrolysis  were  actually  consumed  in  the  formation  of 
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ozone,  it  would  follow  that  the  ozone  must  be  a  highly  condensed  gas ; 
and  on  the  application  of  heat,  which,  as  is  well  known,  destroys  the 
characteristic  odour  of  ozone,  the  oxygen  would  again  be  set  at  liberty. 
Nevertheless,  I  was  unable  to  perceive  the  slightest  change  of  volume 
in  this  experiment,  even  when  the  electrolysis  had  taken  place 
under  the  conditions  in  which  the  loss  of  oxygen  is  greatest.  More- 
over, I  soon  convinced  myself,  as  others  have  likewise  observed,  that, 
notwithstanding  the  intense  odour,  the  quantity  of  ozone  present  is 
always  very  small ;  for,  on  destroying  it  by  means  of  iodide  of 
potassium,  the  diminution  of  volume  produced  was  only  3-^-^. 

Hence  it  follows  that  the  large  quantity  of  oxygen  which  had 
disappeared  during  the  electrolysis  must  be  contained  in  the  electro- 
lyte itself,  and  either  as  ozone,  or  as  some  higher  oxide  of  hydrogen, 
— most  probably  HO2.  In  fact,  iodide  of  potassium  assumed  a  very 
deep  brown  colour,  w^hen  mixed  with  only  a  single  drop  of  the  liquid. 
As,  however,  this  liquid  exhibited  not  the  slightest  odour  of  ozone,  the 
reaction  could  be  attributed  to  nothing  but  the  presence  of  binoxide 
of  hydrogen,  the  acid  at  the  same  time  exhibiting  all  the  characters 
which  Thenard  ascribes  to  that  compound  :  e.  g.  A.  piece  of  very  pure 
platinum,  or  the  pole  itself,  caused  a  continuous  evolution  of  gas- 
bubbles,  which  by  analysis  were  found  to  consist  of  pure  oxygen ;  the 
same  gas  was  obtained  in  large  quantity  on  heating  the  liquid. 

The  formation  of  peroxide  of  hydrogen  in  the  electrolysis  of 
sulphuric  acid  being  thus  established,  it  became  interesting  to  inquire 
whether  this  reaction  could  be  made  the  basis  of  a  practical  mode  of 
preparing  the  peroxide.  I  found  that  the  acid  in  which  its  formation 
was  most  abundant  had  a  specific  gravity  of  1*4.  With  regard  to 
the  temperature  of  the  acid  during  the  decomposition,  I  may  state,  as 
a  general  rule,  that  it  should  be  kept  as  low  as  possible.  It  might 
indeed  be  possible,  by  lowering  the  temperature  sufficiently,  to  cause 
the  oxygen  to  disappear  entirely,  and  obtain  pure  ozone.  I  likewise 
endeavoured  to  determine  the  best  dimensions  for  the  pole.  I  found 
that  with  a  current  which  at  18°  C.  and  335''  bar.  evolves  Q>7  cub. 
cents,  of  hydrogen  in  ten  minutes  (such  a  current  as  may  generally 
be  obtained  with  three  of  Bunsen^s  cells),  the  best  size  for  the  pole 
is  10  mm.  of  wire  0*5  mm.  thick.  When  a  still  smaller  wire  was 
taken,  the  quantity  of  oxygen  evolved  became  greater,  because  the 
pole  was  very  strongly  heated  in  consequence  of  the  resistance  which 
it  presented  to  the  escape  of  the  electricity,  and  thereby  prevented 
the  more  abundant  formation  of  peroxide  of  hydrogen.  The  absolute 
strength  of  the  current,  as  shown  by  the  quantity  of  hydrogen 
evolved,  has  no  influence  whatever  on  the  formation  of  peroxide  of 
hydrogen ;  the  essential  condition  to  be  fulfilled  is  to  increase  the 
intensity  of  the  escaping  electricity  as  much  as  possible  at  the  point 
of  evolution.  This  end  is  attained  by  the  use  of  a  very  small  platinum 
pole.     The  most  favourable   size  of  the  pole  for  a  current  of  given 
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strength  has  already  been  mentioned  ;  for  a  current  of  double  strength 
the  pole  must  have  a  double  surface ;  in  a  word,  to  obtain  the  greatest 
possible  formation  of  peroxide  of  hydrogen,  the  strength  of  the  current 
and  the  size  of  the  pole  must  be  made  to  vary  in  the  same  ratio. 
Under  the  circumstances  above  detailed,  at  a  medium  summer  tem- 
perature of  20°  C,  and  with  a  power  of  three  Bunsen^s  cells,  300  cub. 
cents,  of  oxygen  were  converted  into  peroxide  of  hydrogen  in  two 
hours, — a  rate  of  production  which  in  a  day  of  twenty-four  hours  would 
yield  nearly  eleven  grammes  of  peroxide  of  hydrogen. 

It  can  scarcely  be  doubted  that  the  presence  of  peroxide  of  hydrogen 
in  the  decomposition-cell  must  exert  considerable  influence  on  the 
quantity  of  hydrogen  evolved  in  electrolysis.  I  have  proved,  indeed, 
by  several  comparative  experiments,  in  which  two  voltameters  were 
introduced  into  the  same  circuit — the  one  filled  with  pure  sulphuric 
acid,  the  other  with  acid  which  had  been  frequently  used  for  decom- 
position— that  the  quantity  of  hydrogen  evolved  in  the  latter  is  much 
less  than  in  the  former,  especially  when  large  plates  are  used  for 
the  poles.  It  may  therefore  be  laid  down  as  a  rule  in  voltametric 
measurements,  to  use  as  pure  an  acid  as  possible,  or,  if  it  has  been 
already  used,  to  free  it  from  peroxide  of  hydrogen  by  long  boiling, 
introducing  a  piece  of  platinum  to  facilitate  the  decomposition,  and 
further  to  evolve  the  hydrogen  from  small  poles  consisting  of  platinum 
wires.  As  to  the  formation  of  oxygen,  it  is  best,  in  most  cases,  not  to 
place  any  dependence  upon  it  for  purposes  of  measurement,  inasmuch 
as  the  production  of  peroxide  of  hydrogen  cannot  in  any  case  be  com- 
pletely avoided.*  If,  however,  it  be  desired  to  collect  the  two  gases 
in  equivalent  proportions,  it  is  best  to  use  a  comparatively  weak  acid, 
of  specific  gravity  about  I'l,  and  to  evolve  the  hydrogen  on  a  wire, 
the  oxygen  on  a  platinum  plate  of  not  too  small  dimensions. 

Since  the  appearance  of  the  larger  memoir,  from  which  the  present 
is  an  extract,  in  "Liebig's  Annalen,'^t  MM.  Jamin  and  Leblanc 
have  published  in  the  "  Comptes  rendus'^  a  number  of  experiments 
relating  to  the  same  subject.  These  experimenters  have  likewise 
observed  the  formation  of  peroxide  of  hydrogen,  without,  as  it  appears, 
being  acquainted  with  my  former  experiments.  I  wish,  therefore,  to 
observe  that  I  showed  the  facts  above  mentioned,  in  the  course  of  last 
summer,  to  several  physicists,  viz.  to  Professors  Buff  and  Kopp  in 
Giessen,  and  Dr.  Hofmann  in  London. 

In  another  memoir,  Jamin    communicates  the   observation   that 


*  The  formation  of  this  compound  was  observed  even  in  distilled  water  decom- 
posed by  a  battery  of  44  Bun  sen's  cells,  also  in  highly  concentrated  sulphuric  acid  ; 
it  even  took  place  when  a  small  platinum  wdre  was  used  as  the  positive  pole,  in  the 
decomposition  of  an  acid  whose  temperature  was  much  above  the  boiling  point  of  water. 
In  all  these  cases,  the  simultaneous  production  of  ozone  was  demonstrated  both  by  the 
odour  and  by  its  reaction  on  starch-paste  mixed  with  iodide  of  potassium. 

t  Ann.  Ch.  Pharm.  Ixxxviii.  57. 
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hydrogen  evolved  by  electrolytic  action  sometimes  possesses  the  property 
of  being  partially  absorbed  by  pure  platinum  ;  and  that  a  larger 
quantity  of  electricity — that  is  to  say,  a  stronger  current — is  required  to 
evolve  a  given  volume  of  this  hydrogen,  than  to  obtain  an  equal  volume 
of  ordinary  non-absorbable  hydrogen.  According  to  J  amines  view, 
this  effect  is  to  be  attributed  to  a  peculiar  modification  of  hydrogen 
which  that  substance,  like  oxygen,  undergoes  during  electrolysis,  or  to 
a  peculiarity  in  the  current,  by  which,  contrary  to  the  ordinary  sup- 
position, oxygen  is  subsequently  evolved  at  the  pole  which  had  pre- 
viously yielded  hydrogen ;  and  this  oxygen,  in  contact  with  platinum, 
causes  the  absorption  of  the  hydrogen. 

I  will  mention  one  of  the  experiments  which  I  have  made  upon 
this  subject.  I  placed  two  voltameters  in  the  same  circuit,  one  of  them 
(A)  containing  pure  acid,  quite  free  from  peroxide  of  hydrogen,  the 
other  {B)  filled  with  an  acid  very  rich  in  that  compound.  In  both 
voltameters,  the  hydrogen  was  evolved  on  small  platinum  wires  of  equal 
dimensions.  In  A,  I  obtained  in  half  an  hour  242  cub.  cents, 
hydrogen;  but  in  5  only  218  cub.  cents.  When  now  the  two  bell-jars 
in  which  the  hydrogen  had  been  received  were  carefully  removed 
from  the  acid,  placed  in  pure  water,  and  a  platinum  wire,  previously 
ignited  by  a  spirit  lamp,  introduced  into  each,  the  volume  of  A  was 
found  not  to  vary  for  several  days,  while  that  of  B  diminished  in  the 
same  time  to  206  cub.  cents.  The  explanation  of  this  phenomenon  is 
perhaps  simply  the  following  :  The  peroxide  of  hydrogen  in  the  cell 
.5  oxidised  part  of  the  hydrogen  in  statu  nascenti ;  hence  only  218 
cub.  cents,  of  gas  were  obtained  in  that  cell,  while  in  A  the  quantity 
amounted  to  242  cub.  cents.  Consequently,  to  eliminate  a  given 
volume  of  hydrogen,  a  greater  quantity  of  electricity  would  be  required 
in  B  than  in  A.  But  the  agitation  caused  by  the  ascending  gas- 
bubbles,  and  the  rise  of  temperature  accompanying  the  electrolysis, 
likewise  give  rise  to  a  spontaneous  decomposition  of  the  peroxide  of 
hydrogen,  and  a  liberation  of  oxygen,  which  is  thereby  compelled 
to  ascend  into  the  same  bell-jar  with  the  hydrogen.  In  this  experi- 
ment, the  quantity  of  oxygen  thus  set  free  by  the  decomposition  of  the 
peroxide  of  hydrogen  amounted  to  4  cub.  cents. ;  this  quantity  com- 
bined at  the  surface  of  the  platinum  with  8  cub.  cents,  of  hydrogen ; 
so  that,  in  all,  the  volume  of  this  gas  was  diminished  by  12  cub.  cents. 
This  reaction  is  not  always  so  striking  as  in  the  case  just  adduced,  but 
when  I  used  sulphuric  acid  perfectly  free  from  peroxide  of  hydrogen, 
I  could  never  perceive  any  such  absorption  of  the  hydrogen. 
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New  Researches  on  the  Metals  accompanying  Platinum  in  the  Ore.* 

By  E.  Fremy. 

Platinum-residues  may  be  divided,  according  to  their  composition, 
into  three  classes : 

1 .  The  pulveymlent  residue  is  a  mixture  of  iridium  and  rhodium  ; 
it  is  derived  from  the  acid  solutions  which  have  been  precipitated 
by  iron,  and  retains  but  small  quantities  of  osmium :  the  metals  com- 
posing this  residue  have  been  dissolved  in  aqua-regia  through  the 
medium  of  bichloride  of  platinum. 

2.  The  scaly  residue,  known  to  all  chemists,  and  distinguished  by 
the  improper  name  of  Osmide  of  Iridium,  is  a  quaternary  alloy  of 
iridium,  ruthenium,  rhodium,  and  osmium  :  the  rhodium  occurs  in 
these  scales  in  small  quantity  only. 

3.  The  third  residue,  which  may  be  called  the  granular  residue, 
consists  essentially  of  rhodium,  osmium,  and  iridium. 

To  obtain  rhodium,  therefore,  we  may  operate  on  the  pulverulent  or 
the  granular  residue ;  either  of  the  three  residues  may  be  used  for 
the  preparation  of  iridium  ;  the  scaly  residues  are  the  only  ones  from 
which  ruthenium  can  be  conveniently  prepared ;  and  osmium  must 
be  extracted  principally  from  the  granular  and  scaly  residues. 

The  following  methods  of  treating  these  residues  depend  partly  on 
the  great  fixity  of  oxide  of  ruthenium,  and  partly  on  the  striking 
analogies  between  osmium  and  arsenic.  Take,  for  example,  the  scaly 
residue. 

Oxide  of  ruthenium  being  able  to  bear  a  red  heat  without  decom- 
posing, and  osmium  being  actually  roasted  by  the  action  of  oxygen, 
producing  a  volatile  acid,  just  as  sulphur  and  arsenic  do,  the  residue 
of  platinum-ore  may  be  decomposed  by  roasting,  like  metallic  sulphides^ 
and  arsenides.  By  submitting  it  to  this  operation,  osmic  acid  is  pro- 
duced in  large  quantity,  and  very  pure ;  and  oxide  of  ruthenium  is 
obtained  in  well-defined  crystals, — a  state  in  which  it  has  hitherto  not 
been  known. 

The  following  is  a  description  of  the  apparatus  for  roasting  platinum- 
residues,  which  has  long  been  in  use  in  the  author's  laboratory,  and  is 
now  fitted  up  in  the  platinum  works  of  MM.  Demontis  and 
Chapuis,  and  will  furnish  chemists  with  a  variety  of  useful  and 
interesting  products  hitherto  little  known. 

The  roasting  is  performed  by  means  of  atmospheric  air,  previously 
freed  from  organic  matter  by  passing  through  a  tube  filled  with 
pumice  stone  impregnated  with  sulphuric  acid.  The  platinum -residue 
is  heated  to  redness,  and  placed  in  a  tube  of  earthenware,  or  better  of 
platinum ;  and  the  air  is  drawn  into  the  apparatus  by  means  of  an 

*  Compt.  rend,  xxxviii.  1008. 
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ordinary  aspirator.  The  tube  communicates  with  a  series  of  glass 
flasks,  in  which  the  osmic  acid  condenses,  and  likewise  contains,  in  the 
part  which  projects  from  the  furnace  and  communicates  with  the 
flasks,  a  few  fragments  of  porcelain,  which  during  the  operation 
become  covered  with  beautiful  crystals  of  oxide  of  ruthenium,  which 
is  not  volatile,  but  is  carried  forward  by  the  vapours  of  osmic  acid. 
The  atmospheric  air  which  has  traversed  the  flasks  and  is  saturated 
with  osmic  acid  vapour,  is  conducted  into  a  solution  of  potash,  and 
finally  passes  into  the  aspirator.  The  osmiate  of  potash  thus  formed 
is  treated  with  a  fews  drops  of  alcohol,  and  thereby  brought  to  the 
state  of  osmite  of  potash,  crystallised,  and  insoluble  in  water  containing 
alcohol. 

This  roasting  presents  no  difficulty,  and  yields  the  following  pro- 
ducts : — 1.  Osmic  acid  very  pure,  and  in  quantity  sometimes  ex- 
ceeding 40  per  cent,  of  the  platinum-residue  used. — 2.  Osmite  of 
potash,  from  which  metallic  osmium  and  its  derivatives  may  be 
readily  prepared  by  a  method  described  in  a  preceding  memoir. — 
3.  Crystallised  oxide  of  ruthenium. — 4.  An  alloy  of  iridium  and 
rhodium,  which  remains  in  the  roasting  tube. 

The  operation  just  described  is  important,  not  only  for  the  prepara- 
tion of  bodies  like  osmic  acid  and  oxide  of  ruthenium,  which  hitherto 
were  very  difficult  to  obtain,  but  it  likewise  serves  in  a  manner  to 
complete  the  history  of  osmium,  by  showing  that  this  body  differs 
completely  in  all  its  properties  from  the  accompanying  platinum -metals, 
and  appears  to  play  the  same  part  in  the  ore  that  arsenic  plays  in  the 
metallic  arsenides. 

Tt  may  be  safely  predicted  that  osmium  will  be  found  to  combine 
with  hydrogen,  and,  like  arsenic  and  phosphorus,  to  enter  into  organic 
molecules  and  form  compounds  similar  to  those  of  arsenic,  phosphorus, 
&c.,  lately  discovered.  The  author  has  made  some  researches  in  this 
direction,  which  will  be  published  hereafter. 

By  submitting  the  osmiates  to  the  action  of  oxygen  and  oxidising 
agents,  an  acid  is  formed  containing  more  oxygen  than  osmic  acid; 
and  if,  as  some  analyses  seem  to  show,  the  formula  of  this  acid  is 
Os  O5,  the  oxidation-series  of  osmium  will  be — 

OsO;  OS2O3;  OSO2;  OSO3;  OsO^;  OsOg:— 

presenting  remarkable  analogies  to  those  of  nitrogen,  phosphorus,  and 
arsenic. 

The  new  acid  is  very  unstable ;  it  forms  with  potash  and  soda, 
salts  which  have  a  dark  brown  colour,  and  sometimes  crystallise  in 
the  alkaline  liquids.  ♦ 

It  has  been  already  stated,  that  the  roasting  of  the  platinum-residue 
leaves  as  a  fixed  product,  an  alloy  of  iridium  and  rhodium  ;  the  alloy 
is  often  mixed  with  oxide  of  ruthenium  not  carried  forward  by  the 
osmic  acid  vapour,  and  likewise  retains  traces  of  osmium. 
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The  oxide  of  ruthenium  is  first  separated  by  heating  the  residue 
with  fused  potash,  which  dissolves  the  metal  He  oxide,  after  which  the 
iridium  is  separated  from  the  rhodium  by  the  following  method, 
differing  but  little  from  that  recommended  by  Wohler. 

The  alloy  is  heated  with  four  parts  of  nitre ;  the  mass  digested 
in  boiling  water,  which  often,  on  cooling,  deposits  fine  octohedral 
crystals  of  osmite  of  potash ;  and  the  residue  treated  with  aqua-regia, 
which  converts  the  iridium  into  chloride.  This  body  then  combines 
with  the  chloride  of  potassium,  forming  a  double  salt,  which  dissolves 
in  boiling  water,  and  crystallises  on  cooling.  The  insoluble  residue 
is  mixed  with  common  salt,  and  exposed  at  a  dull  red  heat  to  a  cur- 
rent of  dry  chlorine ;  a  double  chloride  of  sodium  and  rhodium  is  then 
formed,  which  is  soluble  in  water,  and  is  deposited  from  its  solutions 
in  violet  octohedral  crystals,  often  of  considerable  size.  The  easy 
preparation  of  rhodium-salts  by  the  preceding  process  will  enable 
us  to  complete  the  history  of  this  metal,  which  recomends  itself  to  the 
attention  of  chemists  by  its  insolubility  in  aqua-regia,  its  lustre, 
which  is  nearly  equal  to  that  of  silver ;  the  beauty  of  its  crystalline 
compounds;  and,  above  all,  by  its  analogies  with  platinum  and  iridium. 
The  author  has  already  ascertained  that  the  salts  of  rhodium,  when  sub- 
jected to  the  action  of  ammonia,  form  a  class  of  ammonio-rhodic  salts, 
which  crystallise  readily,  like  the  corresponding  salts  of  platinum, 
palladium,  and  iridium. 

All  these  facts  will  be  more  fully  developed  in  a  future  com- 
munication. 


Arsenides  of  Ethyl,  op  Arsenethyls.* 
By    Hans   Landolt. 

These  compounds  are  obtained  by  the  action  of  iodide  of  ethyl  on 
arsenide  of  sodium.  They  are  three  in  number,  viz. : — arsenbiethyl 
or  vino-cacodyl,  (C^  115)2,  As  ;  arsentriethyl,  (C^  115)3  As ;  and 
arsenethylium,  (04115)4  As.  This  last  is  analogous  to  tetrethylium, 
stibmethylium,  &c. 

Preparation. — 1.  Arsenide  of  sodium,  prepared  by  the  direct  com- 
bination of  its  elements,t  is  finely  pounded  together  with  four  or  five 
times  its  weight  of  quartz-sand  (if  pulverised  alone,  it  takes  fire),  and 
the  mixture  introduced   into  a  number  of  small  short-necked  flasks 

*  Ann.  Pharm.  Ixxxix.  301 ;    Chem.  Gl^az.  1854. 

t  Pure  metallic  arsenic,  in  the  state  of  fine  powder,  is  gently  heated  in  a  furnace 
having  a  good  draught,  till  it  begins  to  fume,  and  small  pieces  of  sodium  introduced 
from  time  to  time,  till  the  mixture  begins  to  assume  a  fluid  consistence,  which  effect 
takes  place  when  a  quantity  of  sodium  has  been  introduced,  about  equal  to  that  of 
the  arsenic.  As  the  product  is  highly  combustible,  it  is  necessary  to  exclude  the  air 
as  completely  as  possible  during  the  whole  operation.  For  this  purpose,  the  arsenic 
is  placed  in  a  porcelain  crucible,  enclosed  within  a  Hessian   crucible,  both  being 
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(holding  about  3  oz.),  so  as  to  fill  them  to  about  two-thirds.  Iodide 
of  ethyl  is  then  added  to  the  contents  of  one  of  the  flasks  (the  others 
being  well  corked  up),  and  the  flask  immediately  connected  with  a  con- 
densing apparatus  (the same  as  that  used  by  Lowig  and  Schweitzer 
in  the  preparation  of  stibethyl),  consisting  of  a  tall  wide  cylindrical  vessel 
closed  by  a  cork  having  three  apertures.  Through  one  of  these  apertures 
passes  a  tube,  proceeding  from  the  carbonic  acid  apparatus,  and  reaching 
to  the  bottom  of  the  vessel ;  through  the  second,  a  short  straight  tube, 
to  carry  that  gas  off;  and  through  the  third  is  inserted  the  distillation- 
tube,  connected  with  the  flask  containing  the  mixture.  Within  the 
glass  cylinder  are  placed  two  small  bottles,  into  one  of  which  the 
lower  end  of  this  conducting-tube  is  inserted.  The  mixture  of  iodide 
of  ethyl  and  arsenide  of  sodium  soon  becomes  so  hot  that  a  large 
portion  of  the  iodide  of  ethyl  distils  over  spontaneously;  as  soon 
as  the  action  is  over,  the 'flask  is  removed,  more  iodide  of  ethyl 
poured  in,  and  the  same  operation  repeated  as  long  as  any  action 
takes  place.  The  final  residue  of  iodide  of  ethyl  is  expelled  by 
gently  heating  the  flask ;  and  on  subsequently  applying  a  stronger 
heat,  the  arsenides  of  ethyl  distil  over.  The  cork  of  the  cylin- 
drical vessel  must  then  be  raised,  together  with  the  tubesj  the 
vessel  turned  round  so  as  to  bring  the  end  of  the  distillation-tube 
over  the  second  bottle,  and  the  vessel  again  closed  as  before.  The 
exact  moment  for  changing  the  bottles  may  be  known  by  the 
conducting-tube,  which  has  previously  been  hot  and  dry,  becoming 
cold  and  wetted  with  drops  of  liquid.  The  heat  is  then  gradually 
raised  to  redness ;  and  when  nothing  more  passes  over,  the  flask  is 
removed,  a  second  put  in  its  place,  and  the  whole  series  of  operations 
repeated.  The  contents  of  twelve  or  fifteen  flasks  (requiring  about  a 
pound  of  iodide  of  ethyl)  yield  about  two  ounces  of  the  mixed  arsenides 
of  ethyl. — At  the  end  of  the  operation  the  first  bottle  contains  iodide 
of  ethyl  mixed  with  a  small  quantity  of  the  arsenides  ;  the  second,  a 
nearly  colourless  liquid,  frequently  mixed  with  a  red  substance. 
This  liquid — which  is  heavier  than  water,  has  an  intolerable  odour, 
excites  a  copious  flow  of  tears,  fumes  strongly  in  the  air,  and  after- 
wards takes  fire — is  a  mixture  of  arsenbiethyl  and  arsentriethyl. 
These  two  compounds  may  be  separated  by  fractional  distillation,  the 
latter  being  much  the  more  volatile  of  the  two.  For  this  purpose  the 
crude  product  is  transferred,  within  an  atmosphere  of  carbonic  acid, 
into  a  small  flask,  and  the  flask  immediately  connected  with  the 
distillation-tube   of   the    condensing   apparatus   above   described,    a 

provided  with  closely  fitting  covers,  which  must  only  be  removed  to  introduce  the 
sodium,  or  to  stir  the  mixture  with  an  iron  rod,  so  as  to  ensure  uniform  combination. 
The  action  is  very  violent,  and  attended  with  vivid  incandescence,  portions  of  the 
mixture  being  sometimes  thrown  out.  The  alloy,  which  has  a  crystalline  fracture 
and  silver-white  colour,  must  be  kept  in  closely-stoppered  bottles  filled  up  with 
quartz-sand.  It  decomposes  water,  with  evolution  of  arseniuretted  hydrogen, — an 
effect  which  takes  place  even  in  damp  air  j  hence  it  must  be  handled  with  caution. 
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number  of  small  bottles  being  previously  arranged  within  the  large 
cylindrical  vessel,  so  that  by  turning  the  vessel,  each  of  them  may  be 
successively  brought  beneath  the  extremity  of  the  distillation-tube. 
The  flask  is  heated  in  a  small  saud-bath,  and  a  rapid  current  of 
carbonic  acid  gas  passed  through  the  apparatus  during  the  whole 
operation.  This  process  is  best  adapted  for  the  preparation  of  arsen- 
triethyl,  which  it  yields  in  much  larger  quantity  than  arsenbiethyl. 
The  latter  is  more  advantageously  obtained  by  the  following  process : 

2.  Arsenide  of  sodium  is  heated  with  excess  of  iodide  of  ethyl, 
as  before;  the  product  digested  with  ether;  the  ethereal  extract 
(which  contains  arsenbiethyl,  arsentriethyl,  and  iodide  of  ethyl) 
mixed  with  absolute  alcohol ;  the  ether  distilled  off;  and  the  alcoholic 
solution  mixed  with  water,  which  precipitates  arsenbiethyl  and  dis- 
solves iodide  of  arsenethylium,  formed  by  the  action  of  the  iodide  of 
ethyl  on  arsentriethyl.  The  treatment  of  the  arsenide  of  sodium  with 
iodide  of  ethyl  is  performed  in  small  flasks,  as  in  the  first  process, 
and  the  iodide  of  ethyl,  which  distils  over  in  consequence  of  the  heat 
generated  by  the  reaction,  is  collected  in  a  small  flask,  and  subse- 
quently poured  back  again,  together  with  fresh  iodide  of  ethyl, 
these  operations  being  repeated  as  long  as  any  action  continues :  the 
transference  of  the  liquid  must  be  effected  as  quickly  as  possible,  to 
avoid  access  of  air.  When  the  action  is  over,  the  greater  part  of  the 
remaining  iodide  of  ethyl  must  be  distilled  off  by  a  gentle  heat, — 
sufficient,  however,  being  left  to  keep  the  mixture  moist ;  if  the  excess 
were  all  removed,  the  final  product  would  consist  of  a  mixture  of 
arsenbiethyl  and  arsentriethyl,  which  would  then  require  fractional 
distillation  to  separate  them.  When  the  contents  of  ten  or  twelve 
flasks  have  been  thus  treated,  the  whole  is  transferred  into  a  bottle 
containing  from  one  and  a  half  to  two  pounds  of  ether,  and  previously 
filled  with  carbonic  acid ;  the  bottle  tightly  closed  and  well  shaken ; 
the  contents  left  to  stand  till  the  liquid  has  become  clear ;  this  liquid 
decanted  into  another  bottle  filled  with  carbonic  acid  (whereupon  it 
generally  becomes  turbid  and  deposits  a  yellow  powder,  the  quantity  of 
which  is  greater  the  longer  the  liquid  has  been  exposed  to  the  air  during 
the  several  operations) ;  the  residue  again  treated  with  ether ;  and 
this  treatment  repeated  as  long  as  a  drop  of  the  ethereal  extract 
becomes  turbid  on  exposure  to  the  air.  The  whole  of  the  ethereal 
extract  is  then  mixed  with  absolute  alcohol,  and  the  ether  quickly 
distilled  off.  During  the  distillation,  the  yellow  powder  just  men- 
tioned cakes  together  and  forms  a  red  resinous  body,  melting  at  70°, 
and  insoluble  in  all  reagents.    * 

The  alcoholic  solution  is  next  transferred,  in  an  atmosphere  of 
carbonic  acid,  into  a  cylindrical  glass  vessel,  capable  of  being  well 
closed,  and  mixed  with  water  free  from  air  till  it  becomes  very 
turbid.  It  is  left  to  stand  till  it  becomes  clear  and  an  oily  body 
separates  out,  then   decanted  from  this  oil  to  another  vessel,  and  a 
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large  quantity  of  water  added ;  whereupon  arsenbiethyl  is  separated  in 
the  form  of  an  oily  liquid  having  a  faint  greenish-yellow  colour  and 
powerful  odour.  It  is  decanted  into  a  small  bottle,  freed  from  the 
supernatant  liquid  by  means  of  a  pipette,  and  preserved  under  a 
layer  of  de-aerated  water.  In  all  these  operations  the  greatest  care 
must  be  taken  to  exclude  the  air ;  otherwise  a  red  powder  forms, 
which  mixes  with  the  radical,  and  renders  its  purification  very 
difficult. 

The  water  used  for  precipitating  the  arsenbiethyl  contains  iodide 
of  arsenethylium,  together  with  other  arsenical  compounds,  w^hich 
have  not  yet  been  separated  one  from  the  other.  On  agitating  the 
watery  liquid  with  ether,  a  portion  of  these  compounds  dissolves, 
together  with  a  considerable  quantity  of  iodide  of  arsenethylium, 
although  this  compound  is  by  itself  but  sparingly  soluble  in  ether; 
and  on  leaving  the  liquid  to  evaporate  in  the  air,  there  remains  a 
yellow  syrup,  from  which,  after  a  while,  the  iodide  of  arsenethylium 
separates  in  beautiful  prismatic  crystals.  It  may  be  separated  from 
the  liquid  compounds  which  adhere  to  it,  by  washing  with  a  small 
quantity  of  water,  and  obtained  in  a  state  of  purity  by  several  recrys- 
tallisations  from  water.  The  watery  solution,  after  being  heated  with 
ether  as  above,  still  contains  a  small  quantity  of  iodide  of  arsen- 
ethylium, which  may  be  crystallised  by  evaporation  over  the  water-bath; 
but  it  is  very  impure. 

The  residue  in  the  flasks  in  which  arsenide  of  sodium  has  been 
treated  with  iodide  of  ethyl,  and  the  product  digested  with  ether 
(p.  260),  still  contains  a  number  of  arsenical  organic  compounds, 
among  which  the  oxide  of  arsentriethyl,  Ae3  As  O2,  exists  in  con- 
siderable quantity.  It  may  be  separated  by  treating  the  residue  with 
absolute  alcohol,  evaporating  the  alcoholic  extract,  and  subjecting  it 
to  dry  distillation ;  the  oxide  then  passes  over  in  the  form  of  a  yellow 
liquid. 

Arsenbiethyl,  or  Vinocacodyl,  (C^  115)3  As. 

For  the  preparation,  vide  p.  260. 

Properties. — Oily  liquid,  having  a  faint  yellowish  colour,  strong 
refracting  power,  and  a  very  disagreeable,  pungent,  alliaceous  odour. 
Heavier  than  water,  in  which  it  sinks  without  mixing.  Boils  between 
185°  and  190°. 

Calculation.  Experiment  (mean). 

8C      ...     48         3609  35-73 

lOH     .     .     .     10  7-52  775 

As    .  ^  .     .     75         56-39  56-92 

(0^15)2  As    .     .  133       100-00 

Arsenbiethyl  rapidly  absorbs  oxygen  from  the  air,  and  generally 
breaks  out  into  a  dull  flame,  giving  off  vapours  of  arsenious  acid. 
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In  this  respect,  however,  its  properties  vaiy  according  to  the  mode  of 
preparation.  A  drop  of  the  product  obtained  by  the  first  method 
(p.  259)  takes  fire  immediately  when  let  fall  upon  wood  or  paper ; 
but  with  that  which  is  obtained  by  the  second  method  (p.  260)  this 
effect  does  not  take  place  till  the  temperature  is  raised  to  180°. 
Strong  nitric  acid  oxidises  it  rapidly,  with  evolution  of  light  and 
heat.  Dilute  nitric  acid  likewise  oxidises  it,  but  less  completely,  a 
red  substance  analogous  to  Bunsen^s  erythrarsin  being  formed  as  a 
secondary  product.  This  red  body,  which  is  likewise  formed  when 
arsenbiethyl  is  incompletely  burned  in  the  air,  is  light  red  when  first 
produced,  but  soon  becomes  darker,  and  when  dry  forms  a  brown 
powder,  which  turns  white  by  continued  exposure  to  the  air :  it  is 
insoluble  in  water,  alcohol,  and  ether;  heated  on  platinum -foil,  it 
burns  away  completely,  with  a  pale  arsenic  flame ;  heated  in  a  test- 
tube,  it  gives  off  inflammable  vapours  having  an  unpleasant  odour, 
and  leaves  a  considerable  quantity  of  arsenic.  Strong  sulphuric  acid 
has  no  action  on  arsenbiethyl  at  ordinary  temperatures,  but  evolves 
sulphurous  acid  when  heated  with  it ;  dilute  sulphuric  acid  does  not 
affect  it.  Arsenbiethyl  reduces  the  noble  metals  from  their  solutions ; 
its  alcoholic  solution,  added  to  a  solution  of  nitrate  of  silver  or  cor- 
rosive sublimate,  immediately  throws  down  metallic  silver  or  mercury. 
This  character,  and  the  production  of  the  red  powder  above  mentioned, 
distinguish  arsenbiethyl  from  the  other  arsenides  of  ethyl. 

Combinations. — Arsenbiethyl  combines  directly  with  sulphur  and 
with  the  halogen-radicals,  the  combination  being  attended  with  great 
evolution  of  heat.  All  its  compounds  hitherto  obtained  are  liquid, 
and  distinguished  by  a  peculiarly  repulsive  and  persistent  odour, 
which  excites  a  copious  flow  of  tears :  continued  exposure  to  this 
odour  produces  sneezing,  persistent  catarrh,  and  headache.  The 
compounds  contain  1  at.  arsenbiethyl,  with  1  at.  0,  S,  CI,  &c. 

Iodide  of  Arsenbiethyl. — Obtained  by  saturating  an  ethereal 
solution  of  arsenbiethyl  with  an  ethereal  solution  of  iodine,  and 
evaporating  the  mixture  out  of  contact  of  air.  Yellow  oil,  readily 
soluble  in  alcohol  and  ether,  but  not  migcible  with  water.  Does  not 
fume  in  the  air,  but  burns  slowly  when  heated,  giving  off  vapours  of 
iodine.  Decomposed  by  sulphuric  and  nitric  acids,  with  separation  of 
iodine.  The  alcoholic  solution,  mixed  with  nitrate  of  silver,  forms  an 
immediate  precipitate  of  iodide  of  silver,  but  gives  no  precipitate  with 
a  solution  of  corrosive  sublimate  in  dilute  alcohol. 


Calculation, 

Experiment. 

8C     .     .     . 

.     48 

18-53 

18-90  to  19-34 

lOH    .     .     . 

.     10 

3-86 

4-13  „    4-73 

As  .     .     . 

.     75 

28-96 

—           — 

I     .     .     . 

.  126 

48-65 

48-45  „  49-13 

(C,H5),AsI 

.  259 

100-00 
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Arsenbiethyl  is  insoluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether,  and  is  precipitated  from  its  alcoholic  solution  by  water. 

Arsentriethyly  (C4  Hg)^  As. 

This  compound  is  most  advantageously  obtained  by  the  first  method 
(p.  259)  ;  it  passes  over  in  a  state  of  purity  between  140°  and  180°. 

Properties. — Colourless,  very  mobile  liquid,  having  great  refracting 
power,  and  a  disagreeable  odour,  like  that  of  arseniuretted  hydrogen 
gas.  Sp.  gr.  ri  51  at  16°-7.  Under  a  pressure  of  736  mm.  it  begins 
to  boil  at  140°;  but  the  boiling  point  slowly  rises  to  180°,  a  small 
quantity  of  metallic  arsenic  separating  at  the  same  time.  Hence  the 
compound  appears  to  decompose  in  boiling.  The  quantity  thus 
decomposed  is,  however,  very  small,  several  portions  collected  between 
140°  and  170°  not  exhibiting  a  difference  of  more  than  1  per  cent,  in 
the  amount  of  carbon.     Vapour  density  5'2783. 


Calculation. 

Experiment. 

I2C      .     . 

,     .     72         44-44 

43-21  to  44-03 

15H     .     . 

.     15           9-26 

9-41  „     9-88 

As    .     . 

.     75         46-30 

—           — 

(C4H5)3As     .     .  162       100-00 

Decompositions. — Arsentriethyl  fumes  and  becomes  hot  when  exposed 
to  the  air,  but  seldom  takes  fire  unless  it  is  gently  heated  from  without ; 
the  products  of  the  combustion  are  arsenious  acid,  carbonic  acid,  and 
water.  Oxidation  takes  place  slowly,  even  when  the  compound  is 
kept  under  water  in  a  tightly-closed  vessel;  when  it  has  advanced 
a  certain  stage,  the  liquid  no  longer  fumes  in  the  air.  Strong  nitric 
acid  oxidises  it  rapidly,  with  vivid  combustion  and  explosion;  but 
nitric  acid  of  sp.  gr.  1*42  dissolves  it  slowly,  with  evolution  of  nitric 
oxide,  and  forms  nitrate  of  arsentriethyl ;  no  red  compound  analogous 
id  erythrarsin  is  formed,  either  by  the  action  of  nitric  acid  or  by 
oxidation  in  the  air.  Arsentriethyl  mixes  with  oil  of  vitriol,  and  on 
the  application  of  heat  reduces  it  to  sulphurous  acid.  It  does  not 
reduce  the  oxides  of  the  noble  metals. 

Combinations.  —  Arsentriethyl  combines  with  oxygen,  sulphur, 
chlorine,  &c.,  forming  compounds  containing  1  at.  of  the  radical,  and 
2  at.  of  the  other  body, — analogous,  therefore,  to  the  compounds  of 
stibmethyl,  stibethyl,  &c. 

Oxide. — When  an  ethereal  solution  of  pure  arsentriethyl  is  left  to 
evaporate  slowly  in  ^contact  with  the  air  at  ordinary  temperatures,  the 
oxide  remains  in  the  form  of  a  nearly  colourless  oily  liquid,  having  a 
slight  alliaceous  odour.  As  thus  obtained,  however,  it  is  not  pure, 
being  mixed  with  other  compounds  not  yet  examined. 

It  is  best  prepared  by  exhausting  the  mass  obtained  by  treating 
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arsenide  of  sodium  with  iodide  of  ethyl,  first  with  ether,  and  afterwards 
with  absolute  alcohol;  evaporating  the  alcoholic  extract,  and  sub- 
jecting the  residue  to  dry  distillation  in  a  retort  (p.  261). 

Oily  liquid,  having  a  slight  yellowish  colour ;  heavier  than  water, 
and  not  niiscible  with  it ;  dissolves  readily  in  alcohol  and  ether,  and 
is  precipitated  from  the  alcoholic  solution  by  water  in  its  original 
state. 

The  alcoholic  solution  has  no  action  on  litmus  paper,  and  does  not 
precipitate  nitrate  of  silver.  The  oxide  is  readily  dissolved  by  dilute 
nitric  acid,  but  is  insoluble  in  dilute  sulphuric  and  hydrochloric 
acids. 


Calculation. 

Experiment. 

12C      .     . 

.     72 

40-45 

39-58  to  40  38 

15H     .     . 

.     15 

8-43 

8-73  „    9-29 

As-  .     . 

.     75 

42-13 

43-17         — 

20      .     . 

.     16 

8-99 

—            — 

(C,H5)3As02. 

.  178 

100-00 

This  compound  becomes  turbid  on  exposure  to  the  air,  and  passes 
to  a  higher  state  of  oxidation,  but  without  fuming  or  inflammation. 

When  pure  arsentrieihyl  is  left  to  stand  for  some  time  in  a  loosely- 
stoppered  bottle,  very  fine  tabular  crystals  gradually  form  on  the 
surface  ;  and  if  the  crust  thus  formed  be  now  and  then  broken  and 
pushed  to  the  bottom,  the  entire  liquid  may  be  converted  into  a  solid 
compound.  The  crystals  are  quite  inodorous,  and  dissolve  in  alcohol 
and  ether ;  but  in  contact  with  water,  they  deliquesce  to  a  colourless 
oil,  which  remains  quite  undissolved;  deliquescence  likewise  takes 
place  in  a  moist  atmosphere,  and  on  exposure  to  a  gentle  heat. 

This  compound  has  an  acid  reaction  ;  its  alcoholic  solution  forms 
with  nitrate  of  siver  a  yellow  flocculent  precipitate  which  shrinks  up 
greatly  in  drying,  and  forms  a  brown  powder,  containing  60-8  per  cent, 
of  silver. 

Sulphide. — 1.  When  an  ethereal  solution  of  arsentriethyl  is  boiled 
with  w^ashed  flowers  of  sulphur,  the  liquid  decanted  into  another 
vessel  as  soon  as  the  excess  of  sulphur  has  settled  down,  and  left  to 
cool,  the  sulphide  of  arsentriethyl  separates  out  in  prismatic  crystals ; 
if,  however,  too  much  ether  has  been  used,  the  crystals  do  not  form 
till  the  liquid  is  evaporated.  The  crystals  are  generally  contaminated 
both  with  sulphur  and  with  oxide  of  arsentriethyl,  which  latter  is 
very  difficult  to  remove.  They  are  best  purified  by  recrystallisation 
from  alcohol  or  water,  the  compound  then  separating  in  small  feathery 
crystals  j  larger  crystals  may  be  obtained  by  redissolving  in  warm  ether, 
and  leaving  the  solution  to  evaporate  slowly. 

2.  The  compound  may  likewise  be  obtained  by  boiling  an  aqueous 
solution  of  peiutasulphidc  of  potassium  with  oxide  of  arsentriethyl ; 
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crystals  of  the  sulphide   then  separate  on  cooling.     It  has  a  bitter 
taste,  but  is  quite  inodorous  when  pure. 

Calculation.  Experiment, 

12  C  ...  72  3711                    —            — 

15H  .     .     .  15  7-73                    —            ^ 

As  .     .     .  75  38-66                    —            — 

2S  ...  32  16-50  1617  to  15-77 

(C4H5)3AsS2  .     .  194       100-00 

Sulphide  of  arsentriethyl  is  not  altered  by  exposure  to  the  air. 
Heated  in  a  test-tube,  it  melts  somewhat  below  100°,  forming  a 
yellowish  oily  liquid,  which  boils  at  a  higher  temperature,  giving  off 
spontaneously  inflammable  vapours,  and  covering  the  inside  of  the 
tube  with  a  yellowish-red  deposit  of  sulphide  of  arsenic.  When 
boiled  with  potash-ley,  it  is  not  decomposed,  but  merely  melts,  and 
solidifies  in  a  crystalline  mass  on  cooling.  Strong  nitric  acid  acts 
very  powerfully  on  it,  converting  the  sulphur  into  sulphuric  acid ; 
and  partially  oxidising  the  arsentriethyl.  Dilute  hydrochloric  acid 
decomposes  it  imperfectly,  giving  off  sulphuretted  hydrogen,  and 
forming  a  small  quantity  of  arsentriethyl,  w^hich  may  be  recognised  by 
its  pungent  odour.  The  aqueous  solution  forms  with  nitrate  of 
silver  a  black  precipitate  of  sulphide  of  silver  :  no  precipitate  with 
acetate  of  lead,  or  with  copper  salts.  With  mercurous  nitrate  it 
forms  a  black  precipitate,  which  soon  turns  white ;  with  corrosive 
sublimate,  a  bulky  white  precipitate.  Sulphide  of  arsentriethyl  dis- 
solves readily  in  warm  water  and  in  boiling  ether,  but  is  nearly 
insoluble  in  cold  ether. 

Iodide  of  Arsentriethyl. — When  an  ethereal  solution  of  iodine  is 
added  to  an  ethereal  solution  of  arsentriethyl,  so  long  as  decoloration 
takes  place  iodide  of  arsentriethyl  separates  in  large  quantity  as  a 
sulphur-yellow  flocculent  precipitate.  It  is  immediately  separated 
from  the  liquid,  washed  with  a  small  quantity  of  ether,  pressed 
between  paper,  dried  at  a  very  gentle  heat,  and  then  enclosed  in  a 
tight-stoppered  bottle. — Very  unstable  :  when  exposed  to  the  air,  if 
only  for  a  short  time,  it  turns  brown,  and  soon  deliquesces  to  a  dark- 
coloured  syrupy  liquid;  even  when  completely  protected  from  the 
air,  it  gradually  assumes  a  brown  colour.  When  heated  in  a  test- 
tube,  it  assumes  a  darker  colour,  and  at  160°  fuses  to  a  brown  liquid, 
which  solidifies  again  on  cooling;  at  190°  it  is  converted,  with  partial 
decomposition,  into  vapour,  which  condenses  on  the  colder  parts  of 
the  tube  in  light  ;jfellow  drops;  no  separation  of  iodine  appears  to 
take  place.  Nitric  and  sulphuric  acids  decompose  it  immediately, 
with  separation  of  iodine ;  it  dissolves  in  hydrochloric  acid  when 
heated,  but  separates  out  again,  unchanged,  on  cooling.  Strong 
potash-ley  dissolves  out  the  iodine,  and  forms  oxide  of  arsentriethyl. 
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Iodide  of  arsentriethyl  dissolves  readily  in  water  and  alcohol,  but 
sparingly  in  ether.  The  aqueous  solution  forms  with  nitrate  of  silver 
an  immediate  precipitate  of  iodide  of  silver ;  from  acetate  of  lead  it 
separates  iodide  of  lead.  With  corrosive  sublimate  it  forms  a  white 
precipitate,  soluble  in  excess. 

Calculation.  Experiment. 

12  C  ...     72  17-39  17-68 

15H  .     .     .     15  3-62  4-14 

As  ...     75  1812  — 

21  ...  252  60-87  60-64 

(C4H5)3Asl2    .     .  414       100-00 

Chloride. — Not  yet  obtained  in  a  definite  state. 

When  an  alcoholic  solution  of  oxide  of  arsentriethyl  is  mixed  with 
strong  hydrochloric  acid,  and  water  afterwards  added,  the  oxide 
separates  out  unaltered ;  but  the  liquid  at  the  same  time  acquires  an 
intolerable*  odour,  which  attacks  the  eyes  strongly :  this  odour  is 
altogether  foreign  to  the  oxide  of  arsentriethyl,  and  is  therefore 
probably  due  to  the  formation  of  a  small  quantity  of  chloride. 

Nitrate. — Obtained  by  treating  arsentriethyl  or  its  oxide  with 
dilute  nitric  acid.  On  evaporating  the  liquid  over  the  water-bath,  a 
thick  syrup  is  obtained ;  this,  when  left  for  some  time  over  sulphuric 
acid,  deposits  crystals,  which,  on  exposure  to  the  air,  rapidly  absorb 
water  and  deliquesce. 

Arsenethylium,  (C4 115)4  As. 

Formed  as  an  iodide,  by  the  action  of  iodide  of  ethyl  on  arsen- 
triethyl : 

(C,H,)3As  +  C,H5l=(CH,),As,I. 

Not  known  in  the  free  state. 

16  C   ...  96     50-26 

20H  .  .  .  20     10-47 

As  ...  75     39-27 


(04115)4  As  .  .  191     10000 

The  compounds  of  arsenethylium  are  analogous  to  those  of  po- 
tassium, ammonium,  tetrethylium,  stibmethylium,  &c.  The  hydrated 
oxide  is  a  fixed  base,  resembling  hydrate  of  potash.  The  salts 
dissolve  readily  in  water,  crystallise  readily,  and  possess  great  sta- 
bility, undergoing  no  change  on  exposure  to  the  air;  they  are 
inodorous,  have  a  bitter  taste,  and  do  not  appear  to  be  poisonous. 
In  these  respects  they  differ  remarkably  from  the  compounds  of 
arsenbiethyl  and  arsentriethyl. 

Oxide. — Obtained  by  the  action  of  oxide  of  silver  on  an  aqueous 
«nlution   of  iodide  of  arsenethylium.     On  filtering  from  the  iodide 
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of  silver,  and  evaporating  the  solution,  the  air  being  excluded  as 
much  as  possible,  the  hydrated  oxide  remains  in  the  form  of  a  white 
mass,  which  has  a  strong  alkaline  reaction,  and  quickly  absorbs  water 
and  carbonic  acid  from  the  air.  It  is  a  strong  base,  separating 
ammonia  from  its  salts  at  ordinary  temperatures,  and  precipitating 
the  earths  and  the  heavy  metallic  oxides  from  their  solutions. 

Iodide. — When  iodide  of  ethyl  is  mixed  with  arsentriethyl,  com- 
bination generally  takes  place  in  a  few  hours,  the  entire  liquid 
solidifying  in  a  mass  of  crystals.  For  the  preparation,  vide  p.  261. 
Large  colourless  crystals,  which  often  become  somewhat  darker  by 
long  keeping.  They  dissolve  readily  in  water  and  alcohol ;  but  are 
insoluble  in  ether,  and  in  alcohol  containing  ether.  Nitric  acid 
separates  iodine ;  so,  likewise,  does  sulphuric  acid,  with  evolution  of 
hydriodic  and  sulphuric  acids.  The  crystals  fall  to  powder  when 
heated,  giving  off  vapours  which  take  fire  in  the  air,  and  yielding  a 
sublimate  of  metallic  arsenic,  but  only  a  small  quantity  of  iodide  of 
arsenic. 

Calculation.  Experiment. 


16C    . 

.     .     96 

30-28 

28-77 

— 

20  H   . 

.     .     20 

6-31 

6-84 



As. 

.     .     75 

23-66 

— 



1     . 

.     .  126 

39-75 

39-09 

39-85 

(C4H5)4AsI.     .  317       100-00 

a  was  obtained  by  method  1,  p.  259;  b  by  method  2,  p.  262. 

Chloride, — Obtained  by  saturating  a  solution  of  the  oxide  with 
dilute  hydrochloric  acid ;  on  evaporating  the  liquid  under  the  air-pump, 
crystals  are  formed  containing  8  atoms  of  water  of  crystallisation, 
and  deliquescing  rapidly  in  the  air.  When  heated,  they  first  melt  in 
their  water  of  crystallisation,  and  then  gradually  give  it  off,  under- 
going decomposition  at  the  same  time ;  and  ultimately  disappear 
altogether,  with  formation  of  volatile  products.  Strong  sulphuric  acid 
decomposes  the  salt  immediately,  with  evolution  of  hydrochloric  acid 
gas.  The  crystals  dissolve  readily  in  water  and  alcohol,  but  are 
insoluble  in  ether.  The  aqueous  solution  immediately  precipitates 
chloride  of  silver  from  the  nitrate,  and  forms  an  insoluble  double  salt 
with  protochloride  of  mercury. 


Calculation. 

Experiment. 

16  C  . 

.     .     96-0 

32-16 

—                  — 

20H  . 

.     20-0 

6-70 

—                   

As 

•  .     750 

25-13 

—                  

CI 

.     .     35-4 

11-89 

11-88          11-98 

8  HO 

.     .     72-0 

24-12 

—              — 

(C4H5)AsCl4-8Aq     298*4         lOO'OO 
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Sulphate. — Obtained  by  precipitating  iodide  of  arsenethylium  with 
a  solution  of  sulphate  of  silver  containing  excess  of  sulphuric  acid. 
The  liquid^  when  filtered  and  evaporated_,  leaves  granular  crystals, 
which  may  be  purified  by  repeated  crystallisation.  Tbis  salt  dissolves 
readily  in  water  and  alcohol,  sparingly  in  ether ;  its  taste  is  sour  at 
first,  afterwards  bitter.  Heated  in  a  tube,  it  fuses  with  decrepitation 
at  first,  and  then  gives  off  acid  vapours,  which  do  not  take  fire  in 
the  air. 


Calculation. 

Experiment, 

16  C  .     . 

.     96 

33-33 

33  05 

20  H  .     . 

.     20 

6-94 

7-55 

As      . 

.     75 

26-04 



0  .     . 

.       8 

2-78 

— 

2  SO     . 

.     80 

27-78 

28-25 

HO    . 

.       9 

3-13 

— 

(C^Hg)^    .     .  288  100-00 


Plumbides  of  Ethyl,  or  Plumbetliyls.* 
By  Karl  Lowigr* 

These  compounds  are  formed  by  the  action  of  iodide  of  ethyl  on 
plumbide  of  sodium  containing  one  part  sodium  to  six  parts  lead. 
On  agitating  the  resulting  mass  with  ether,  and  evaporating  the 
ethereal  solution,  there  remains  a  mixture  of  several  plumbides  of 
ethyl,  which  have  not  yet  been  separated  from  one  another,  the 
separation  being  very  difficult  in  consequence  of  the  great  similarity 
of  their  physical  properties.  These  radicals  are  perfectly  colourless, 
tolerably  mobile,  volatile,  and  have  a  powerful  odour.  They  do  not 
fume  in  the  air,  but  when  set  on  fire  they  burn  and  give  off  dense 
clouds  of  oxide  of  lead.  When  strong  nitric  acid  is  poured  upon 
them  they  take  fire ;  and  in  contact  with  iodine  or  bromine,  especially 
with  the  latter,  they  explode  with  violence.  They  are  insoluble  in  water, 
but  dissolve  readily  in  alcohol  or  ether.  The  ethereal  or  alcoholic  solu- 
tion, when  exposed  to  the  air,  deposits  an  amorphous  powder,  which  is 
insoluble  in  water,  alcohol,  and  ether,  and  forms  crystallisable  salts 
with  acids ;  and  in  solution  there  remains  a  strongly  alkaline  base, 
the  oxide  of  methylo-plumbethyl,  (0^  H5)3  Yh^,  the  radical  of  which 
constitutes  the  principal  portion  of  the  product  obtained  by  the  action 
of  iodide  of  ethyl  on  plumbide  of  sodium. 

*  J.  pr.  Ohcin.  k.  30 i  ;  Ann.  Pharm.  Ixxxviii.  318. 
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Oicide  of  Methyloplumh ethyl  [Q^M^^Vh^O. — Obtained  as  a 
hydrate  by  adding  a  solution  of  nitrate  of  silver,  mixed  with  alcohol, 
to  the  alcoholic  solution  of  the  mixed  radicals,  as  long  as  metallic 
silver  is  precipitated ;  filtering  from  the  silver ;  agitating  the  result- 
ing solution  of  nitrate  of  methyloplumbethyl  with  alcoholic  potash, 
and  afterwards  with  ether  ;  adding  a  sufficient  quantity  of  water  to 
separate  the  ethereal  solution  of  the  oxide,  and  evaporating  the  ether 
in  a  retort.  Pure  hydrated  oxide  of  methyloplumbethyl  then  remains 
in  the  form  of  a  thick  oily  liquid,  which  solidifies  after  a  while  in  a 
crystalline  mass  slippery  to  the  touch,  like  hydrate  of  potash.  It  is 
volatile,  and  forms  white  fumes  when  a  rod  moistened  with  hydro- 
chloric acid  is  held  over  it.  When  heated,  it  gives  off  white  vapours, 
which  excite  powerful  sneezing, — a  property  which  also  belongs  to  the 
radical  itself  and  to  many  of  its  compounds.  The  hydrate  dissolves 
sparingly  in  water,  readily  in  alcohol  and  in  ether.  The  solutions 
have  a  strong  alkaline  reaction ;  a  sharp,  disagreeable,  caustic  taste ; 
and  produce  an  extremely  unpleasant  sensation  in  the  throat. 

Carbonate. — The  hydrated  oxide  rapidly  absorbs  carbonic  acid  from 
the  air.  By  leaving  the  alcoholic  solution  of  the  oxide  to  evaporate  in 
the  air,  the  carbonate  is  obtained  in  small  hard  crystals.  It  is  nearly 
insoluble  in  water,  sparingly  soluble  in  alcohol  and  ether.  Alcohol 
containing  hydrochloric  acid  dissolves  it  with  effervescence.  It  has 
a  strong  burning  taste. 

Calculation.  Experiment. 

13  C  .  .  .  78  24-00  23-93  23-40 

15  H  .  .  .15  4-62  4-74  5-00 

2Pb  .     .     .208  64-00  63-87  63-74 

30  ...     24  7-38  7-46  7-86 


G,^\i,,V\0,CO^ 


325       100-00 


100-00       100-00 


Sulphate. — When  sulphuric  acid  is  added  by  drops  to  an  alcoholic 
solution  of  the  oxide,  leaving  the  base  in  excess,  a  dazzling  white 
crystalline  precipitate  of  the  sulphate  is  obtained,  which  must  be 
washed  with  alcohol,  and  afterwards  with  ether.  The  salt  is  nearly 
insoluble  in  w^ater,  absolute  alcohol,  and  ether,  but  dissolves  readily 
in  alcohol  mixed  with  sulphuric  or  hydrochloric  acid.  From  the  acid 
solution  it  crystallises  in  tolerably  large,  hard,  shining  octohedral 
crystals. 

Lowig. 


12  C 
15  H 

2Pb 
O 

SO, 


72 
15 

^08 

8 

40 


20-90 
4-30 

60-60 
2-54 

11-66 


20-30 
4-48 

61-40 
2-08 

11-74 


20-33 
4-60 

60-30 
310 

11-67 


59-5  60-6  60-4 


Ci2Hi5Pb20,S03    343     100-00     100-00     100-00 
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Iodide ,  (C4  115)3  Pb2  I2. — formed  by  tlie  action  of  iodide  of 
potassium  on  sulphate  of  methyloplumbethyl.  Very  insoluble.  When 
an  alcoholic  solution  of  iodide  of  potassium  is  added  to  a  solution  of 
the  sulphate  acidulated  with  sulphuric  acid,  the  mixture  shaken  up 
with  ether,  the  ethereal  solution  of  iodide  of  methyloplumbethyl 
separated  by  water  and  abandoned  to  spontaneous  evaporation, iodide  of 
lead  separates  from  it  in  considerable  quantity.  By  rapid  evapora- 
tion, a  colourless  oily  residue  is  obtained,  having  a  penetrating  odour, 
and  likewise  yielding  a  deposit  of  iodide  of  lead.  If  the  compound, 
while  yet  undecomposed,  be  distilled  with  water,  the  separation  of 
iodide  of  lead  takes  place  immediately,  and  the  watery  vapour  which 
passes  over  is  accompanied  by  a  colourless,  mobile,  very  pungent 
liquid,  having  an  odour  like  that  of  oil  of  mustard,  and  no  longer 
subject  to  spontaneous  decomposition.  This  liquid  was  found  to 
contain  :  15-11  per  cent.  C,  5-70  H,  36-58  Pb,  and  34-16  I,— numbers 
agreeing  pretty  nearly  with  the  formula  (C^  H5)i2Pb4l3  [or  (Ae3Pb)4l3], 
which  requires  25-02  C,  5-24  H,  36-40  Pb,  and  33-34 1. 

Bromide. — Obtained  by  adding  an  alcoholic  solution  of  bromide  of 
potassium  to  a  solution  of  the  sulphate  in  alcohol  containing 
sulphuric  acid ;  agitating  the  whole  with  ether,  then  with  water  to 
separate  the  ethereal  solution;  and  evaporating  the  latter.  The 
bromide  then  crystallises  in  long  needles. 

Calculation.  Experiment. 

12  c  ...     72  19-20                  —               - 

15H  .     .     .     15  400  '-               —              — 

2Pb  .     .     .208  55-47                   —               — 

Br  ...     80  21-33                20-96  2123 

Ci2Hi5Pb2Br.     .  375       100-00 

Chloride. — Obtained  by  adding  chloride  of  barium  to  a  solution  of 
the  sulphate  in  alcohol  containing  hydrochloric  acid,  agitating  with 
ether,  separating  the  ethereal  solution  by  water,  and  leaving  it  to 
evaporate.  Crystallises  in  beautiful  long  needles,  having  a  strong 
lustre,  and  giving  off  a  strong  odour  of  oil  of  mustard  when  gently 
heated.  When  heated  in  a  glass  tube,  they  detonate  slightly  even  at 
a  moderate  heat,  yielding  chloride  of  lead  and  metallic  lead. 

Calculation.  Experiment. 

12  C  .  .  .  720  21-79  21-58  2151 

15  H.  .  .  150  4-54  4-85  471 

2  Pb  .  .  208-0  62-92  62*66  62-74  , 

CI  .  .  35-4  10-71  10-54  1058 

C12  H16  Pb2  CI  .     .  330-4       10000  9963         99-54 

Nitrate. — Obtained  by  decomposing  the  alcoholic  solution  of  the 
plumbethyls  (page  268)  with  nitrate  of  silver.     On  evaporating  the 


271 

alcoholic  solution,  the  salt  remains  in  the  form  of  a  colourless  viscid 
liquid,  which  smells  like  butter,  has  a  burning  taste,  and  solidifies 
after  a  while  in  a  crystalline  unctuous  mass.  Decomposes  by  heat, 
with  slight  detonation.  Dissolves  readily  in  alcohol  and  in  ether  : 
the  alcoholic  solution,  when  slowly  evaporated,  deposits  a  small 
quantity  of  nitrate  of  lead. 


Researches  in  Organic  Cliemistry.^ 
By  Adolpli  Streclcer. 

1.   On  the  Composition  of  Tannic  Acid. 

Tannic  acid,  and  the  tannins  in  general,  are  much  more  complex 
substances  than  is  commonly  supposed.  Under  the  influence  of 
mineral  acids,  alkalies,  or  ferments,  they  take  up  the  elements  of 
water,  and  are  converted  into  glucose  [grape-sugar]  and  a  new  acid. 
This  decomposition,  announced  by  the  author  two  years  ago,  has 
served  as  a  point  of  departure  for  determining  the  formula  of  tannic 
acid. 

According  to  the  analyses  made  by  Pelouze,  Liebig,  and  Ber- 
zelius,  the  molecule  of  tannic  acid  is  expressed  by  the  formula 
CjgHgOig;  and  it  is  supposed  that  in  the  neutral  tannates  3  at.  of 
the  water  contained  in  the  acid  are  replaced  by  3  at.  of  a  metallic 
oxide.  There  is,  however,  but  one  tannate  known,  viz.  the  tannate 
of  lead,  which,  according  to  analysis,  contains  carbon  and  metal  in 
the  ratio  of  18  at.  to  3  at. 

The  decomposition  of  tannic  acid  into  glucose,  Cjg  Hjo  O^g,  and 
gallic  acid,  Cj^  HgOn,  having  shown  that  the  above  formula  cannot 
represent  the  molecule  of  the  acid,  the  following  experiments  were 
undertaken  to  determine  the  real  formula  : — 

Tannic  acid,  prepared  by  Pelouze^s  method,  was  purified  in  two 
ways  ;  first,  by  dissolving  in  pure  ether  and  precipitating  by  water ; 
secondly,  by  dissolving  in  water  and  precipitating  by  ether.  Under 
these  circumstances,  two  or  three  distinct  strata  of  liquid  are  ob- 
tained, the  heaviest  of  which  is  tannic  acid  absorbed  by  ether.  This 
syrupy  liquid  was  dissolved  in  water,  evaporated  in  vacuo,  and  the 
residue  analysed  after  drying  at  120°.  Ten  analyses,  made  with 
oxide  of  copper  in  a  current  of  oxygen,  and  with  the  products  of 
seven  difi'erent  preparations,  yielded  results  agreeing  with  the  formula 

^54  ^22  O34. 

I.         II.  III.  •IV.  V.  VI.  VII.     VIII.     IX.  X.  Calculation. 

C    521     52-2  52-2  522  52*2  523  521     522     523  523  C^      524 

H     3-8      3-8      3-7  3-7       36  39      38      36      37       35  H22        3-6 

O—       —        —  —        —  —       --—._        —  Oj      440 


*  Compt.  rend,  xxxix.  49. 
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According  to  this  formula,  the  resolution  of  tannic  acid  into  gallic 
acid  and  glucose  is  represented  by  the  equation 

C,,H,,03,  +  8  HO  =  3  Ci,H,Oi„  +  C,,Hi„0,„. 

This  equation  is  confirmed  by  the  quantities  of  gallic  acid  and 
glucose  resulting  from  the  decomposition.  For  the  former,  Mr. 
Wetherill  found  87  per  cent,  as  a  maximum;  for  the  glucose, 
the  author  obtained  22  per  cent. 

The  quantity  of  water  in  the  molecule  C^^  H22  O34  which  may  be 
replaced  by  a  metallic  oxide,  was  determined  directly  by  digesting 
tannic  acid  with  oxide  of  lead,  and  also  by  the  analysis  of  the  neutral 
and  basic  salts.  By  the  former  method  it  was  found  that  the  acid 
loses  4  per  cent,  or  3  at.  of  water, — a  result  which  is  confirmed  by 
the  analysis  of  the  lead-salts  obtained  by  precipitation,  in  which  the 
composition  of  the  anhydrous  acid  is  represented  by  the  formula 
C54  Hjg  O31,  differing  by  3  at.  water  from  the  formula  C54  H22  O34. 
The  precipitates  obtained  with  tannic  acid  and  acetate  of  lead  contain, 
for  54  at.  C,  from  3  to  10  at.  oxide  of  lead. 

The  analyses  of  the  tannates  made  by  Pelouze,  Liebig,  Ber- 
zelius,  Mulder,  and  Buchner,  agree  with  the  new  formula  of  tannic 
acid,  if  we  suppose  that  some  of  these  salts  do  not  give  up  all  their 
water  at  100°,  or  that  they  were  not  completely  dried. 

Tannic  acid  combines,  according  to  Berzelius,  with  sulphuric  and 
hydrochloric  acids,  when  these  acids  are  added  to  a  solution  of  tannic 
acid  in  water,  forming  precipitates  which  redissolve  it  first,  and 
become  permanent  only  when  the  liquid  contains  an  excess  of  sul- 
phuric or  hydrochloric  acid.  These  compounds  differ  from  con- 
jugated acids  in  this  respect,  that  the  mineral  acid  cannot  be 
separated  from  them  by  baryta-  or  silver-salts.  The  analysis  of  these 
precipitates  shows  that  they  are  nothing  but  tannic  acid  impregnated 
with  the  acid  liquid  from  which  they  have  been  deposited.  In  fact, 
the  sulphuric  tannin  contains  only  from  2  to  4  per  cent,  of  sulphuric 
acid,  and  the  hydrochloric  compound  gives  up  all  its  hydrochloric 
acid  when  placed  over  quicklime  in  vacuo.  Moreover,  these  preci- 
pitates exactly  resemble  tannic  acid  acidulated  with  a  small  quantity 
of  mineral  acid.  The 'formation  of  a  precipitate  by  mineral  acids  in  a 
solution  of  tannin  is  therefore  an  eff'ect  of  the  same  nature  as  its 
precipitation  from  the  same  solution  by  common  salt  or  other  alka- 
line salts,  or  even  by  ether,  and  is  due  simply  to  a  diminution  of 
the  solubility  of  the  tannin  produced  by  changing  the  solvent. 

Gallic  acid,  which,  according  to  some  chemists,  contains  in  the 
formula  Cji  Hg  O^q  either  4  or  2  equivalents  of  water,  is,  according 
to  Strecker^s  analyses,  a  tribasic  acid;  and  the  yellow  lead-salt, 
which  Liebig  and  Buchner  regard  as  a  neutral  salt,  and  represent 
by  the  formula  4  PbO,  Cj^  H2  Og,  is  a  basic  salt,  which,  when  dried 
at  120°,  has  a  composition  represented  by  the  formula 

4  PbO,  Ci4  H3  O7,  or  3  PbO,  C^^  H3  O7  +  PbO. 
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In  fact,  five  analyses  made  with  the  products  of  different  preparations 
gave  75 '9  to  76*1  per  cent.  PbO, — numbers  approaching  much  more 
nearly  to  those  required  by  the  latter  formula  than  to  that  of  Liebig 
and  Felouze. 

2.   On  the  Decomposition  of  Brucine  by  Nitric  Acid. 

The  remarkable  reaction  of  brucine  with  nitric  acid,  in  which  the 
two  colourless  bodies,  as  soon  as  they  come  in  contact,  assume  a  red 
colour  and  give  off  gas,  has  never  been  explained,  notwithstanding 
the  experiments  of  Gerhardt,  Liebig,  Laurent,  and  Rosengarten. 

Gerhardt  found  that  the  gas  evolved  in  this  reaction,  which  he 
did  not  succeed  in  condensing,  had  the  odour  and  some  other 
properties  of  nitrous  ether  (C4  H5  O,  NO5) ;  so  that  he  entertained 
no  doubt  as  to  its  being  really  that  compound.  Liebig,  perhaps 
by  using  dilute  nitric  acid,  obtained  a  liquid  heavier  than  water, 
and  boiling  at  70°, — totally  different,  therefore,  from  nitrous  ether. 
Laurent,  in  repeating  Gerhardt's  experiments,  condensed,  in  a 
bulb  surrounded  with  a  freezing  mixture,  a  liquid,  which  he  rectified, 
without  seeing  it  boil,  at  a  temperature  not  exceeding  + 10°,  and 
which  yielded  by  analysis  29*0  per  cent,  carbon  and  6*1  per  cent, 
hydrogen.  These  numbers  do  not  agree  very  well  with  the  compo- 
sition of  nitrous  ether,  which  contains  32*0  per  cent,  carbon  and 
^'Q  hydrogen;  nevertheless,  Laurent  thought  he  had  obtained  suffi- 
cient evidence  of  the  liquid  being  really  nitrous  ether.  Laurent 
likewise  analysed  the  yellow  body  which  remained  in  the  retort  after 
the  completion  of  the  action.  This  body  he  named  Cacotheline,  and 
from  two  analyses  not  agreeing  very  well  with  each  other,  he  assigned 
to  it  the  formula  C42  H22  N4  Ojq-  For  the  decomposition  of  brucine 
by  nitric  acid  he  gives  the  equation 

C,8  H26  N^  Os  +  3  NOfi  H  =  C,2  H22  N.O^o  +  C,  H^  CNOj  +  3  HO. 

Eosengarten,  who  endeavoured  to  verify  this  formula  by  quanti- 
tative determinations,  found  that  the  volatile  and  inflammable  body 
which  is  given  off  contains  carbon  and  hydrogen  nearly  in  the  ratio 
of  4  at.  to  6  at. ;  so  that  it  could  not  be  pure  nitrous  ether.  More- 
over, the  analyses  which  he  made  of  the  yellow  body  yielded  numbers 
which  did  not  agree  exactly  with  Laurent^s  formula.  Not  being 
able  either  to  condense  the  volatile  product  or  determine  the  equi- 
valent of  cacotheline  by  the  analysis  of  its  compounds,  the  only 
conclusion  which  Rosengarten  deduced  from  his  experiments  was, 
that  Lauren t^s  formula  does  not  represent  correctly  the  decompo- 
sition of  brucine  by  nitric  acid. 

The  determination  of  the  question  whether  nitrous  ether  is  really 
formed  in  this  reaction,  presented  peculiar  interest,  as  no  previous 
instance  had  been  observed  of  the  formation  of  an  ethyl-compound, 
otherwise  than  from  sugar  or  alcohol.     As  to  ethylamine,    which  is 
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said  to  have  been  obtained  from  various  alkaloids,  there  is  nothing  to 
show  that  the  body  actually  obtained  was  not  the  isomeric  base, 
dimethylamine. 

The  author  therefore  repeated  the  experiments  of  Laurent  and 
Gerhardt  with  28  grms.  of  melted  brucine;  the  gas  which  was 
evolved  was  made  to  pass,  first  through  a  solution  of  potash  of  sp.  gr. 
1*2,  then  through  a  solution  of  protosulphate  of  iron,  then  over 
chloride  of  calcium,  and  lastly  into  a  vessel  cooled  to  —40°.  A 
liquid  soon  condensed  in  this  vessel,  green  at  first,  but  soon  changing 
to  yellow.  Bubbles  of  gas  passed  through  this  liquid  during  the 
whole  course  of  the  action,  assuming  an  orange-red  colour  as  soon  as 
they  mixed  with  the  air. 

The  liquid  thus  condensed  (3  or  4  grms.)  was  very  volatile,  boiled 
at  — 12'°5,  had  an  odour  resembling  that  of  nitrous  ether,  and  burned 
with  a  pale  flame,  slightly  tinged  with  green.  It  gave  by  analysis 
numbers  in  the  ratio  of  2  at.  carbon  to  3  at.  hydrogen  and  1  at. 
nitrogen,  and  when  treated  with  an  alcoholic  solution  of  potash 
yielded  crystals  of  nitrite  of  potash.  Hence  it  is  the  nitrite  of 
methyl,  Q^  ^^s  ^>  ^^s-  The  author  likewise  prepared  this  new  com- 
pound with  wood-spirit,  nitric  acid,  and  arsenious  acid,  and  found 
it  to  have  the  same  properties  and  composition  as  the  volatile  liquid 
obtained  from  brucine. 

The  action  of  nitric  acid  upon  brucine  is  so  definite,  that  it  enables 
us  to  determine  the  quantity  of  nitrite  of  methyl  evolved  from  1  at.  of 
})rucine.  For  this  purpose  an  apparatus  was  used  similar  to  the 
former,  excepting  that  the  product,  instead  of  being  condensed,  was 
burned  with  oxide  of  copper.  In  this  manner  1  at.  brucine  (394  pts.) 
yielded  2*1  at.  carbonic  acid  and  2*98  at.  water,  corresponding  to 
1  at.  nitrite  of  methyl. 

These  results  agree  with  those  of  Gerhardt  and  Rosengarten, 
although  these  chemists  did  not  ascertain  correctly  the  nature  of  the 
volatile  product ;  but  it  is  difficult  to  explain  the  results  obtained  by 
Laurent.  The  product  obtained  by  Liebig  was  probably  nitrate  of 
methyl,  C2H3O,  NO5,  which,  according  to  Dumas  and  Peligot, 
boils  at  66°,  and  is  heavier  than  water.  The  nitrous  acid  in  the 
warm  dilute  liquid  was  probably  resolved  into  nitric  acid  and  nitric 
oxide,  the  former  of  which  united  with  the  oxide  of  methyl. 

With  regard  to  the  non-volatile  products  of  the  action,  also, 
Strecker^s  results  differ  considerably  from  those  obtained  by  Lau- 
rent. The  yellow  body,  cacotheline,  precipitated  on  diluting  the  acid 
liquid  in  the  retort  with  water,  is  not  the  only  fixed  product,  a  large 
quantity  of  oxalic  acid  being  in  fact  obtained  at  the  same  time. 
Among  the  volatile  products,  also,  a  considerable  quantity  of  nitrous 
oxide  and  carbonic  acid  is  evolved:  the  latter,  however,  is  merely  a 
secondary  product,  derived  from  the  oxalic  acid. 

The  formula  of  cacotheline  is  Q^  Hoo  N^  Ojg. 
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Calculation. 

Experiment  (mean) 

40C     .     .     .  240 

51-9 

52-1 

22  11    ...     22 

4-8 

4-9 

4N    .     .     .     56 

12-1 

12-6 

18  0    .     .     .144 

31-2 

30-4 

C,,H,,N,0,3      .462 

lOO-O 

100-0 

This  formula  was  confirmed  in  two  ways  :  First,  by  determining  the 
quantity  of  oxalic  and  carbonic  acid  formed  during  the  action  of 
nitric  acid  upon  brucine :  of  the  46  at.  of  carbon  contained  in  bru- 
cine,  4  at.  are  separated  in  the  form  of  oxalic  and  carbonic  acid; 
and  deducting  from  46  C  the  2  C  of  the  methyl  and  these  4  C,  we 
find  that  cacotheline  must  contain  40  C.  Secondly,  by  the  analysis 
of  its  definite  compounds.  Cacotheline  is,  in  fact,  a  nitrous  base ; 
but  its  compounds  with  acids  are  decomposed  by  water.  When  a 
solution  of  chloride  of  ])latinum  is  poured  into  a  solution  of  cacothe- 
line in  hydrochloric  acid,  there  is  formed  after  some  hours  a  crys- 
talline precipitate  containing  14*8  per  cent,  of  platinum.  This  agrees 
with  the  formula 

C,„H,,N,Oi,.HCl.PtHCl,. 

Cacotheline  combines  also  with  metallic  oxides ;  with  baryta  it 
forms  a  soluble  compound  containing 

C,„H22N,0,3.BaO. 

According  to  these  experiments,  the  equation  which  represents  the 
decomposition  of  brucine  by  nitric  acid  is 

C«H26N20„  +  5(HO.NO,)  = 

Brucine. 

C4oH22N4  0i8  +  C2H3  0.N03  +  C4H2  08  +  2N02-f4HO. 

Cacotheline.  Nitrite  of  Ethyl.      Oxalic  Acid. 

Brucine  therefore  contains  carbon  in  three  different  groups :  one 
of  these  is  methyl;  the  others  are  transformed  by  nitric  acid  into 
cacotheline  and  oxalic  acid.  Cacotheline  is  doubtless  a  nitro-compound 
containing  2  at.  of  hyponitric  acid,  and  may  therefore  be  regarded  as 
a  derivative  of  the  normal  base  C40  II24  ^2  ^lo?  differing  from  quinine 
by  only  6  at.  oxygen. 

3.   On  IJydrocyavaldine. 
Strecker  showed  some  years  ago,  that  a  mixture  of  aldehydate  of 
ammonia  and  hydroc^mic  acid  evaporated  over  the  water-bath,  together 
with  an  excess  of  hydrochloric  acid,  yields  a  residue  c^f  hydrochlorate 
of  ammonia  and  alanine. 
C Jl,02 . NH3  +  2  HCl  -f  C2NII  f  2H0  =  C^HyNO^ .  HCl  +  NII4CI. 

Hydrodilorate  of  Alanine. 
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A  totally  diiFerent  action  takes  place  when  the  mixture  is  not 
heated.  In  this  latter  case,  there  are  formed  in  the  liquid,  after  a 
few  days,  a  number  of  colourless  crystals,  which  gradually  increase. 
To  this  body  the  author  gives  the  name  Hydrocyanaldine.  It  is 
insipid ;  has  no  action  on  vegetable  colours ;  dissolves  in  water  and 
in  ether,  but  more  readily  in  alcohol.  It  melts  at  a  slightly  elevated 
temperature,  and  sublimes  at  a  moderate  heat.  When  suddenly 
heated  it  decomposes,  giving  off  an  odour  like  that  of  hydrocyanic 
acid.  The  solution  of  this  body  is  not  precipitated  by  silver-salts,  not 
even  after  the  addition  of  nitric  acid ;  but  on  subsequently  heating 
the  liquid,  aldehyde  is  evolved  and  cyanide  of  silver  precipitated. 
Heated  with  potash,  it  gives  off  ammonia,  the  solution  acquiring 
a  brown  colour,  and  aldehyde-resin  separating  from  it. 

The  analysis  of  hydrocyanaldine  leads  to  the  formula 
CgHgN^orC.sHi.N,, 
and  its  formation  is  expressed  by  the  equation 
3(C4H402.NH3)+3  CaHN-f  2HCl=Ci8Hi2N4  f  2NH4CI  +  6HO. 

Aid  eliy date  of 
Ammonia. 

This  reaction  exhibits  some  analogy  with  the  formation  of  thialdine  : 
3  (C4  H4  O2 .  NH3)  +  6  HS  =  Ci2  H13NS4  +  2  NH4  S-f  6  HO. 

Thialdine. 

Hydrocyanaldine  differs,  however,  considerably  from  thialdine, — 
chiefly  in  not  exhibiting  decided  basic  properties. 

4.  On  a  New  Mode  of  Formation  of  Propionic  Acid. 

If,  according  to  Bensch^s  process,  a  mixture  of  cane-sugar  (boiled 
with  a  small  quantity  of  tartaric  acid),  chalk,  and  old  cheese,  be  left 
to  itself  in  a  warm  place  at  the  temperature  of  80°,  the  mass  is  con- 
verted, in  the  course  of  eight  or  ten  days,  into  a  thick  magma  of 
lactate  of  lime.  The  mother-liquors  contain  a  small  quantity  of 
mannite,  which  is  difficult  to  extract.  But,  according  to  Strecker^s 
experiments,  this  mixture  behaves  in  a  totally  different  manner  at  low 
temperatures,  the  fermentation  then  going  on  very  slowly,  and  a  very 
large  quantity  of  mannite  being  formed.  A  mixture  of  this  kind, 
prepared  according  to  Bensch's  directions,  with  5  kilogrammes  of 
sugar,  having  been  left  during  winter  in  a  room  which  was  heated 
during  the  day  only,  it  was  only  after  the  lapse  of  two  or  three 
months  that  crusts  of  lactate  of  lime  were  deposited ;  the  mother- 
liquor,  concentrated  by  evaporation,  yielded  fresh  quantities  of  lactate 
of  lime,  together  with  a  multitude  of  mannite  crystals,  which  were 
easily  purified  by  several  crystallisations.  The  quantity  of  lactate  of 
lime  did  not  appear  to  exceed  that  of  the  mannite.     We  know,  from 
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the  experiments  of  Pelouze  and  Gay-Lussac,  that  the  juice  of 
beet-root  likewise  yields  a  considerable  quantity  of  mannite  by  viscous 
fermentation ;  but  the  conditions  of  its  fermentation  are  different. 

A  mixture  which  had  deposited  crusts  of  lactate  of  lime  was  left 
during  summer  in  a  place  the  temperature  of  which  did  not  exceed 
20°  or  22°,  the  water  being  renewed  as  it  evaporated.  After  some 
months,  the  volatile  acids  which  had  formed  were  separated.  There 
was  not  a  trace  of  butyric  acid,  but  there  were  very  large  quantities 
of  propionic  and  acetic  acids.  The  two  acids  were  separated  by 
Liebig's  method,  viz.  partial  saturation  with  potash,  and  distillation. 
The  propionic  acid  passed  over  first,  and  the  residue  contained  the 
acetic  acid. 

With  this  propionic  acid  the  following  salts  were  prepared  and 
analysed : — 

KO,  Cg  Hg  O3,  thin  laminse. 

NaO,  Cg  H5  O3  +  2  HO,  amorphous  mass,  dried  in  the  air. 
BaO,  Cg  H5  O3  +     HO,  crystals  of  the  rhombic  system,  soluble 

m  1*3  part  water  at  15°. 
CaO,  Cg  Hg  O3  +     HO,  silky  pallets. 

CuO,  Cg  H5  O3  +     HO,  green    crystals,    probably    isomorphous 

with  the  acetate. 
2  PbO,  Cg  H5  O3,  needles. 

5.   On  some  Compounds  of  Hydrargomethyl  and  Hydrarg ethyl. 

Frankland  found,  a  short  time  ago,  that  iodide  of  methyl  and 
iodide  of  amyl,  exposed  to  the  sun^s  rays  in  contact  wdtli  mercury, 
form  crystals  whose  composition  is  represented  by  the  formulae 
Cg  H3  Hg2  T,  and  C^q  Hj^  Hg2  I :  to  these  bodies  he  gives  the  names, 
iodide  of  hydrargomethyl  and  iodide  of  hydrargamyl.  Frankland 
did  not  succeed  in  producing  a  similar  compound  with  iodide  of  ethyl, 
although  its  existence  may  be  reasonably  presumed. 

Strecker,  however,  before  he  was  acquainted  with  Frankland^s 
experiments,  had  already  obtained  the  iodide  of  hydrargethyl,  which, 
indeed,  is  easily  produced  from  a  mixture  of  iodide  of  ethyl  and  mercury 
at  ordinary  temperatures,  under  the  influence  of  diffused  daylight. 
Crystals  are  formed  after  a  while,  increasing  in  quantity  till  the  liquid 
solidifies  in  a  mass.  The  crystals  dissolve  in  ether  and  in  alcohol, 
and  separate  from  the  solutions  in  thin,  colourless,  very  brilliant 
laminse.  They  sublime  at  100°,  but  do  not  melt  till  very  strongly 
heated.  They  are  insoluble  in  water,  but  dissolve  in  ammonia  and  in 
potash-ley,  from  which  they  may  be  recrystallised  without  decompo- 
sition. Their  composition  is  represented  by  the  formula  C4  Hg  Hg2 1. 
The  solution  treated  with  nitrate  of  silver  yields  iodide  of  silver  and 
nitrate  of  hydrargethyl,  C^  Hg  Hgo  O  .  NOg,  which  crystallises  by 
evaporation  in  colourless  prisms.  Chloride  of  sodium  added  to  the 
aqueous  solution  of  this  salt  throws  down  the  chloride  of  hydrargethyl, 
C4H5Hg2Cl,  which  closely  resembles  the  iodide.      All  these  ethyl- 
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compounds  are  decomposed  by  the  direct  rays  of  the  sun,  and  that  is 
why  Frank  land  did  not  succeed  in  preparing  them. 

Strecker  has  also  prepared  the  nitrate  of  hydrargomethyl,  and 
finds  its  composition  to  be  C2  H3  Hg2  0,  NO5  +  HO. 

6.   On  the  Constitution  of  Quinine. 

Notwithstanding  the  great  importance  of  quinine,  chemists  are 
much  less  acquainted  with  it  than  with  a  host  of  other  bodies  which 
present  no  interest  whatever  in  a  practical  point  of  view  ;  they  are  not, 
in  fact,  agreed  about  either  its  ultimate  constitution,  its  equivalent, 
or  its  atomic  weight, — questions  which  must  all  be  determined  before 
we  can  enter  upon  the  problem  of  composing  quinine. 

The  ultimate  constitution  of  quinine  is  at  present  expressed  by  the 
formula 

C19H11NO2  (Laurent),  or 

C20H12NO2  (Liebig). 
This  question  is  easily  resolved  by  the  analysis  of  pure  quinine. 
Strecker  prepared  the  base  from  commercial  sulphate  of  quinine, 
obtained  from  M.  Merck  in  a  very  pure  state,  and  further  purified 
by  repeated  crystallisation.  The  analysis  of  quinine  dried  at  120°, 
which  was  performed  with  oxide  of  copper  and  oxygen  gas,  yielded 


ratio  C20H12NO2; 

or,  in  100  parts — 

Calculated. 

Found. 

Carbon 

.     74- 1 

740         74-1 

Hydrogen 

.       7-4 

75           7-5 

Nitrogen 

.       8-6 

—            — 

Oxygen 

.       9-9 

—            — 

100-0 

This  formula  was  likewise  confirmed  by  the  analysis  of  several  of 
the  compounds. 

Nitrate  of  Quinine. — Sulphate  of  quinine  precipitated  by  nitrate 
of  baryta  yields  by  spontaneous  evaporation  colourless  rhombic 
crystals.  The  analysis  of  this  compound,  purified  by  several  crys- 
tallisations, leads  to  the  formula  C40  H24  N2  ^4  •  HO  .  NO5 ;  or ,  in 
100  parts — 

Calculated.  Found. 

Carbon       .         .         .     62*0  62-1 

Hydrogen  .         .         .       6*5  6*6 

The  Sulphate  of  Quinine,  from  which  the  base  was  prepared,  yielded, 
when  dried  at  120°,  10'7  and  10*8  per  cent,  of  sulphuric  acid, — 
numbers  which  agree  almost  exactly  with  the  formula 
C40  H24  N2  O4  .  HO  .  SO3  (calc.  quantity  of  SO3  =  10-7  per  cent.) 
An  alcoholic  solution  of  quinine  forms  with  nitrate  of  silver  a 
crystalline  precipitate  which  dissolves  in  boiling  water.  The  solution, 
when  left  to  cool,  solidifies  in  a  mass  having  the  aspect  of  starch  ; 
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but  changing  after  a  while  to  colourless  prisms.  These  crystals  con- 
sist of  a  compound  of  quinine  and  nitrate  of  silver ;  they  require 
300  parts  of  cold  water  to  dissolve  them.  Analysis  leads  to  the 
formula 

C,oH2,N2  0,.AgO.N05. 

With  regard  to  the  equivalent  of  quinine,  some  chemists  represent 
it  by  the  formula  C20  H12  NO2  ;  others  are  of  opinion  that  it  should 
be  C4Q  H24  N2  O4.  According  to  the  first  formula,  neutral  sulphate 
of  quinine  is  C20  H12  NO2  .  HO  .  SO3  ;  and  the  other  sulphate, 
C40  H24  N2  O4  .  HO  .  SO3,  must  be  regarded  as  a  basic  salt.  But, 
according  to  the  other  formula,  the  latter  is  the  neutral  salt,  while 
the  sulphate,  C20  H12  NO2  .  HO  .  SO3,  is  an  acid  salt,  whose  true 
formula  is  G^^  H24  N2  O4  .  2  HO  .  2  SO3. 

Lastly,  there  are  some  chemists  who  represent  the  equivalent  of 
quinine  by  Cgg  H12NO2,  but  regard  the  molecule  as  composed  of  two 
equivalents,  or  as  C4Q  H24  N2  O4. 

The  facts  hitherto  known  afford  no  very  decided  reasons  for 
adopting  either  of  these  formulae  in  preference  to  the  other,  but  the 
following  results  may  perhaps  serve  to  decide  the  question  : — 

A  mixture  of  iodide  of  ethyl  and  quinine  dissolved  in  ether  yields, 
after  some  hours,  a  quantity  of  crystals,  which  continually  increase. 
These  crystals  dissolve  readily  in  boiling  water,  and  separate  from  it  in 
long  needles  ranged  around  a  common  centre.  They  are  colourless, 
silky,  and  have  a  bitter  taste  ;  they  give  off  no  water  at  100°,  but  melt 
without  decomposition  at  a  higher  temperature. 

The  composition  of  these  crystals  is  expressed  by  the  formula 
C44  H29  N2  O4  I ;  or,  in  100  parts — 

Calculated.  Found. 

Carbon    .         .         .     55-0  55*0     54-8 

Hydrogen        .         .       6-0  6-2       6'2 

Iodine     .         .         .     26*5  26*4 

The  formation  of  this  compound,  which  may  be  called  Ethyloquinine, 
is  represented  by  the  equation 

C«,  H^  N^  O,  +  C,  H5  I = C4,  H,9  N,  O,  I. 
A  similar  compound  is  obtained  with  iodide  of  methyl.     The  com- 
position of  iodide  of  methylo quinine  is  expressed  by  the  formula 
C42  H27  N2  O4  I ;  or,  in  100  parts — 

Calculated.  Found. 

Carbon    .         .     54-1  54*2 

Hydrogen         .       5*8  5*9 

Iodine     .         .     27-2  26*9 

The  solution  of  these  iodides  in  water  is  not  precipitated  by  ammonia, 

and  potash  produces  a  cloud  in  the  solution  only  when  added  in  great 

excess.     The  precipitate  thus  obtained  dissolves  in  boiling  water,  and 

the  solution  yields  crystals  identical  with  the  former :  in  fact,  the 

iodide  is  not  decomposed  by  the  potash,  but  is  insoluble  in  potash- 
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ley.  With  oxide  of  silver  the  solution  of  the  iodides  yields  iodide  of 
silver,  and  the  solution  retains  a  very  energetic  base,  which  rapidly 
absorbs  carbonic  acid  from  the  air,  forming  crystals  which  have  an 
alkaline  reaction.  Ethyloquinine  is  obtained,  by  evaporating  the 
solution  in  vacuo,  as  an  amorphous  mass,  which  dissolves  in  alcohol, 
and  is  precipitated  therefrom  by  ether  in  colourless  crystals.  It 
decomposes  at  120°.  The  following  salts  of  this  base  have  been 
prepared : — 

Neutral  Sulphate  of  Ethyloquinine    C44  H29  N2  O5  .  SO3 
Acid  Sulphate      .         .         .         .  C44  H29  N2  O5  .  SO3  +  HO 

Chloride C44  H29  N2  O4  .  CI 

Platinum-salt  .  .  .  .  C44  H29  N2  O4  .  CI,  HCl  .  2Pt  CI2 
All  the  properties  of  these  compounds  show  that  ethyloquinine 
belongs  to  the  fourth  class  of  Hofmann^s  bases;  it  is  a  base  corre- 
sponding to  oxide  of  ammonium,  NH4O.  Quinine  is  therefore  a 
nitrile  base  (of  the  third  class),  and  contains,  in  the  molecule 
C4Q  H24  N2  O4,  three  compound  radicals.  It  can,  therefore,  no  longer 
be  doubted  that  the  molecule  and  equivalent  of  quinine  should  be 
expressed  by  the  formula  C4Q  H24  ^2  ^4*  -^^  ^^  *^^  compound 
radicals  which  compose  it,  the  facts  at  present  known  do  not  enable 
us  to  decide  upon  their  nature. 

7.   On  the  Artificial  Production  of  Oil  of  Cinnamon. 

The  author  showed  some  years  ago  that  styrone,  the  substance 
obtained  by  treating  styracine  with  potash,  in  the  state  of  concen- 
trated or  alcoholic  solution,  is  the  alcohol  of  cinnamic  acid ;  inasmuch 
as  it  bears  to  that  acid  the  same  relation  that  common  alcohol  bears 
to  acetic  acid.  Experiments  made  by  M.  Wolff,  at  the  author's 
suggestion,  further  showed  that  styrone  may,  by  the  action  of  powerful 
oxidising  agents,  be  converted  into  cinnamic  acid. 

The  following  experiments  show  that  styrone,  when  subjected  to  the 
same  conditions  as  those  under  which  alcohol  is  transformed  into 
aldehyde,  yields  cinnamic  aldehyde  or  oil  of  cinnamon. 

When  platinum-black  is  moistened  with  hquid  styrone,  and  the 
mixture  exposed  to  the  air  for  some  days,  the  greater  part  of  the 
styrone  is  transformed  into  cinnamic  aldehyde,  which  may  be  separated 
from  the  unaltered  styrone  by  the  excellent  process  ofM.Bertagnini. 
With  a  strong  solution  of  bisulphite  of  potash,  crystals  are  obtained 
which  must  be  washed  with  ether  to  free  them  from  styrone.  The 
crystals,  when  treated  with  dilute  sulphuric  acid,  yield  cinnamic 
aldehyde  in  the  pure  state.  The  same  crystals  dissolve  in  nitric  acid, 
and  the  solution,  after  a  few  seconds,  yields  crystals  of  nitrate  of 
cinnamic  aldehyde. 

The  transformation  of  styrone  into  cinnamic  aldehyde  by  atmo- 
spheric oxidation,  takes  place  as  represented  by  the  equation 
C18  H^o  O2  +  2  0  =  Ci8  Hg  O2  +  2  HO 

Styrone.  Cinnamic  Aldehyde. 
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8.   On  the  Artificial  Production  of  Taurin. 

The  properties  of  taurin  lead  to  the  idea  that  it  may  be  produced 
artificially.  Redtenbacher  endeavoured  to  form  it  from  aldehyde 
and  bisulphite  of  ammonia,  but  he  merely  obtained  an  isomeric  com- 
pound possessing  different  properties. 

The  following  experiments  were  tried  by  Strecker,  to  attain  the 
same  object  : — 

Sulphate  of  methyl^  C2  H3  O,  SO3,  treated  with  ammonia,  yields 
sulphomethylane  and  wood-spirit,  according  to  the  equation 
2  (C2  H3  O  .  SO3)  +  NH3  =  C2  H5  NS2  O6  +  C2  H4  O2. 

With  sulphate  of  ethyl,  therefore,  one  might  expect  to  obtain  taurin, 
provided  the  reaction  were  similar  : 

2  (C,  H5  O  .  SO3)  +NH3  =  C,  H,  NS2  Oe  +  C,  Hg  O,. 
In  reality,  however,  sulphate  of  ethyl  behaves  in  a  different  manner, 
yielding  a  conjugated  acid,  sulphethamic  acid,  described  by  the  author 
some  years  ago. 

Sulphate  of  methyl  treated  with  methylamine  instead  of  ammonia 
might,  according  to  analogy,  yield  taurin  : 

2  (0,  H3  O  .  SO3)  +  62  H5  N  =  C,  H,  NS,  Og  +  C^  H,  O^. 

This  mode  of  formation  was  not  tried,  as  experiment  had  previously 
shown  that  taurin,  when  decomposed  by  potash,  does  not  yield  a  trace 
of  methylamine. 

Nitrite  of  ethyl,    C4  H5  O  .  NO3,  which  Gerhardt  places  among 

p      XT      ^ 

nitro-compounds,      ^^^  j  ,  would,  if  it  acted  like  nitronaphthalin, 

yield  taurin  (or  the  isomeric  body)  when  treated  with  bisulphite  of 
ammonia. 

Nitronaphthalin  and  bisulphite  of  ammonia  yidd,  according  to 
Piria,  naphthionic  acid  and  sulphate  of  ammonia : 

C20  H7  NO4  +  6  SO2  +  2  HO  =  C20  Hg  NS2  Og  +  4SO3 

Nitronaphthalin,  Naphthionic  Acid. 

By  analogy,  therefore,  we  might  have  with  nitrous  ether — 
C4  H5  NO4  4- 6  SO2  +  2  HO  =  C4  H7  NS2  Oq -f  4  SO3. 

Nitrous  Ether.  Taurin. 

But  experiment  shows  that  nitrite  of  ethyl,  when  treated  with 
bisulphite  of  ammonia,  does  not  behave  like  nitronaphthalin,  but 
gives  off  ammonia  and  yields  sulphuric  and  sulphovinic  acids. 

Isethionic  acid,  which,  according  to  Regnault,  is  prepared  from 
anhydrous  sulphuric  acid  and  olefiant  gas,  forms  with  ammonia  a 
salt  which  differs  in  composition  from  taurin  only  by  two  atoms  of 
water : 

NH4  O  .  C4  H5  0  .  2  S03  =  C4  H7  NS2  0^  +  2  HO. 

This  salt  melts  at  1 20°  without  evolving  ammonia,  but  when  heated 
to  200°  begins  to  diminish  in  weight  from  loss  of  water.     It  was 
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heated  to  230^,  and  maintained  at  that  temperature  till  it  had  lost 
11  per  cent,  of  its  weight.  The  mass  was  then  dissolved  in  water, 
forming  a  solution  which  yielded  a  crystalline  precipitate  on  addition  of 
alcohol ;  and  on  dissolving  this  precipitate  in  water,  and  evaporating, 
large  crystals  were  obtained,  exactly  resembling  those  of  taurin  from  bile. 
They  sustain,  like  taurin,  a  temperature  of  240°  without  melting  or 
becoming  coloured  ;  do  not  give  oJ0f  ammonia  when  treated  with 
potash-ley,  or  precipitate  baryta-salts  after  being  boiled  with  nitric 
acid  or  aqua-regia.  Fused  with  potash  or  nitre,  they  give  off 
ammonia,  and  the  mass  contains  sulphuric  acid.  All  these  properties 
being  the  same  as  those  of  taurin,  and  the  mode  of  formation  showing 
that  the  composition  of  the  crystals  must  agree  with  that  of  taurin,  it 
follows  that  this  product  is  identical  with  taurin  obtained  from  bile. 


On  the  Compounds  of  Glycerine  with  Aclds.^ 
By  N.   Bertlielot. 

A  considerable  number  of  these  compounds  were  described  in  a 
former  paper.f     The  results  detailed  in  the  present  memoir  relate — 

1.  To  the  study  of  various  glyceric  compounds  of  the  highest  order  ; 

2.  To  various  hydrochloric  compounds  of  glycerine; 

3.  To  the  action  of  this  body  on  oxalic  acid  ; 

4.  To  a  peculiar  compound  of  glycerine  and  alcohol. 

The  description  of  these  products  is  followed  by  some  general  con- 
siderations on  the  constitution  of  glycerine-compounds. 
I. — The  following  compounds  have  been  prepared : — 

1.  Triolein,  Cn4Hio,Oi2  =  3  CgeHg^O^  +  CeHgOe-e  HO.  This 
body  is  liquid  and  neutral.  Treated  with  oxide  of  lead  at  100°,  it  is 
resolved  slowly  and  with  difficulty  into  oleic  acid  and  glycerine.  It 
is  identical  with  natural  olein,  and  exhibits  the  composition  and  pro- 
perties of  the  olein  analysed  by  Chevreul. 

2.  Trivalerin,  C36H320i2=3  CioHio04  +  C6H806-6  HO.  Neu- 
tral oily  liquid,  having  an  unpleasant  odour,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether;  resolvable  into  glycerine  and 
valerianic  acid. 

3.  Tribuiyrin,  C^QR^fi^^^SC^H^O^  +  CQRfiQ-eilO.  Neu- 
tral, oily,  odoriferous  liquid,  having  a  density  of  1'056,  resolvable  into 
glycerine  and  butyric  acid. 

4.  Tribenzoicin,  Q^^Yi^f>^^^?>0^fi^O^  +  Q^YLpQ-Q'R^O.  This 
body  is  neutral.  When  purified,  it  crystallises  in  beautiful  white 
needles,  larger  than  those  of  any  other  compound  of  the  glyceric  series. 

5.  Triacetin,  Q^^ll^f>^^=:^C^\{jO^-\-C^YifiQ-QnO.  Neutral 
odoriferous  liquid,  of  density  equal  to  1*174,  insoluble  in  water,  but 

*  Compt,  rend,  xxxviii.  668. 

t  Ibid,  xxxvii.  3i)8 ;  Cbcm.  Sou.  Qa.  J.  vi.  280. 
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very  soluble  in   dilute  alcohol.     Contains  C  =  49-9;  H  =  6-8.     The 

formula  requires  C  =  49'(i;  H  =  6-4. 

Triacetin  is  resolved  by  saponification  into  acetic  acid  and  glycerine. 

When  thus  decomposed  it  yields — 

Acetic  acid       .         .         .         .80*6 
Glycerine  ....     43*1 


123-7 
The  formula  requires — 

Acetic  acid       ....     82-6 
Glycerine  ....     42-2 


124-8 

From  the  analytical  results  obtained  by  the  examination  of  these 
bodies,  and  especially  by  the  analysis  and  saponification  of  triacetin, 
the  one  which  has  the  lowest  equivalent,  the  author  has  been  led  to 
modify  the  usually-received  formula  of  natural  stearin,*  which  in  his 
previous  memoir  he  had  thought  himself  justified  in  retaining. 

According  to  these  results,  and  admitting  that  the  glyceric  com- 
pounds of  the  highest  order  have  all  similar  formulje,  natural  stearin, 
as  well  as  the  artificial  compound  which  is  identical  with  it,  must  be 
regarded  as  a  tristearin. 

C,„H„oO,,=3C3,H3A  +  CfiH30,-6HO. 
This  formula  agrees  with  the  analyses  and  facts  already  ascertained. 
The  same  observation  applies,  with  the  same  reservations,  to  natural 
margarin  and  palmitin.  These  bodies,  as  well  as  the  artificial  com- 
pounds identical  with  them,  appear  indeed  to  be  trimargarin  and 
tripalmitin, 

II. — 1.  Besides  the  bodies  above  mentioned,  M.  Berthelot  has 
prepared  a  new  neutral  compound  of  hydrochloric  acid  and  glycerine. 

Dichlorhydrin,  C(5H6Cl2  02  =  2HCH-C6H806-4HO.  Neutral 
limpid  liquid,  insoluble  in  water,  and  having  a  very  decided  ethereal 
odour.  Sp.  gr.  =  l'37.  Potash  decomposes  it  slowly,  with  repro- 
duction of  glycerine  and  hydrochloric  acid.f 

2.  The  author  has  specially  examined  the  compounds  formed  by 
glycerine  and  acids,  with  the  assistance  of  hydrochloric  acid.  Ac- 
cording to  their  analysis,  their  properties,  and  the  comparatively  low 
temperature  at  which  they  distil,  these  bodies  appear  to  be  formed, 
not  by  the  union  of  primary  compounds,  but  by  definite  complex 
substances,  into  which  hydrochloric  acid  enters  together  with  the 
other  acid  neutralised  by  the  glycerine.  According  to  this  sup- 
position, a  glycericf  compound  may  contain  several  different  acids,  as 

*  This  is  the  formula  given  by  Lecanu  and  Berzelius,  calculated  with  the  equivalent 
of  stearic  acid  now  adopted.  The  formula  of  Pelouze  and  Liebig  differs  from  it  by 
only  2  equivs.  of  water. 

t  The  existence  and  nature  of  this  compound  have  led  to  new  researches  on  acetidin 
and  butyridin.  According  to  new  experiments  and  saponifications,  acetidin  is  a 
diacetin^  Cij H^o O^o  =- 2  C^ H4 O^  +  C^ H^ Of, -4 HO,  and  butyridin  a  dibutyr'm. 
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well  as  several  equivalents  of  the  same  acid.     One  of  these  compounds, 
Benzochlorhydrin,  appears  by  analysis  to  have  the  definite  formula 

C2oHiiC106=Ci4H604-}-HCl  +  C6H806-4HO. 

III. — Oxalic  acid  heated  to  100°  in  contact  with  glycerine  is 
resolved  into  pure  carbonic  acid,  which  escapes,  and  formic  acid,  which 
remains  with  the  glycerine, — without,  however,  forming  a  neutral  com- 
pound. If  the  glycerine  is  in  excess,  the  decomposition  is  complete 
at  the  end  of  twenty-seven  hours.  This  curious  reaction  is  in  accord- 
ance with  the  frequently-observed  production  of  formic  acid  at  the 
expense  of  oxalic  acid ;  but  this  phenomenon  has  perhaps  never  before 
exhibited  so  completely  the  pure  and  simple  character  of  a  decom- 
position : 

IV. — Glycerine  forms  with  alcohol  a  compound  analogous  to  the 
conjugated  ethers  discovered  by  Williamson. 

Diethylin,  C^^  H^e  06  =  2  C^  H5  Br  +  Cg  Hg  06-2  H  Br,  is  pre- 
pared by  mixing  glycerine  with  hydrobromic  ether  and  excess  of 
potash,  and  heating  the  mixture  to  100°  for  sixty  hours  in  close 
vessels.*  When  the  reaction  is  complete,  the  liquid  in  the  tubes 
forms  two  layers.  The  upper  layer  is  poured  off  and  distilled. 
Diethylin  distils  over  at  191°.  It  is  a  limpid,  colourless  oil, 
sufficiently  mobile,  scarcely  if  at  all  soluble  in  water,  and  has  a  faint 
ethereal  and  somewhat  peppery  odour.  Its  density  is  equal  to  0*92. 
When  a  few  drops  of  diethylin  are  thrown  upon  ignited  lime,  acrolein 
appears  to  be  formed.  Diethylin  distilled  with  a  mixture  of  sulphuric 
and  butyric  acids  yields  butyric  ether. 

General  Conclusions. — J .  From  the  facts  above  mentioned,  and 
those  contained  in  the  former  paper,  it  appears  that  the  glyceric 
compounds  are  neutral  bodies  formed  by  the  union  of  acids  and 
glycerine  in  equivalent  proportions. 

In  this  union,  which  is  attended  with  elimination  of  the  elements 
of  water,  the  properties  of  the  acid  become  latent.  When  these 
bodies  are  treated  with  potash,  a  neutral  salt  is  reproduced,  and  an 
equivalent  quantity  of  another  body  formed, — the  same  for  all,  viz. 
glycerine.  At  the  same  time,  the  elements  of  water  are  fixed,  and  the 
properties  of  the  acid  reappear.  These  same  phenomena  of  decom- 
position show  themselves  under  the  most  varied  circumstances,  and 
often  under  the  slightest  influences. 

These  conditions,  phenomena,  and  products  are  exactly  the  same  as 
those  which  accompany  the  decomposition  of  the  natural  fats,  as 
shown,  forty  years  ago,  by  Chevreul. 

2.  These  facts  show,  as  Chevreul  remarked,  a  connection  between 
fats  and  ethers.  On  the  one  hand,  the  ethers,  like  fats,  are  formed 
by  the  union,  either  direct  or  mediate,  of  an  acid  with  alcohol,  the 
union  being  attended  with  separation  of  the  elements  of  water  and 

*  The  author  has  prepared  vinomethylic  ether  by  a  similar  process  with  potash. 
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disappearance  of  the  properties  of  the  acid.  On  the  other  hand^  the 
neutral  compounds  thus  formed  reproduce  by  the  most  various  pro- 
cesses the  acid  and  the  alcohol,  with  fixation  of  the  elements  of  water. 
By  the  action  of  alkalies,  of  concentrated  acids,  or  of  water,  whether 
rapidly  at  220°,  or  slowly  at  ordinary  temperatures,  the  neutral  fats 
are  resolved  into  acids  and  glycerine,  and  the  ethers  in  like  manner 
into  acids  and  alcohol. 

With  the  one  set  of  bodies,  as  with  the  others,  the  action  of 
ammonia  produces  amides.  But  what  is  more,  the  equivalence  of 
glycerine  and  alcohol  in  presence  of  acids  may  be  demonstrated  by 
direct  and  reciprocal  actions ;  for  we  may  at  pleasure  either  decora- 
pose  certain  ethers  with  glyceriDC  and  produce  a  glyceric  compound, 
or  decompose  a  fat  with  alcohol  and  produce  an  ether. 

These  facts  tend  to  show,  independently  of  all  hypothesis,  the 
analogy  of  constitution  existing  between  glyceric  compounds  and  ethers. 

3.  If,  however,  glycerine  resembles  alcohol  in  the  nature  of  the 
compounds  which  it  forms  with  acids,  still  the  formulae  of  these 
same  compounds,  and  the  existence  of  several  neutral  compounds 
between  glycerine  and  one  and  the  same  acid,  establish  a  wide 
difi*erence  between  glycerine  and  alcohol. 

In  fact,  the  neutral  glyceric  compounds  may  be  arranged  in  three 
separate  series  : 

The  compounds  of  the  first  series,  analogous  to  the  ethers,  even  by 
their  formulae,  are  formed  by  the  union  of  1  equiv.  of  an  acid  and 
I  equiv.  of  glycerine,  with  separation  of  2  equivs.  of  water. 

Monostearin C42  H42  O3  ^Cgg  Hgg  O4+ Cg  Hg  06-2  HO. 

Monochlorhydrin         ....     Cg  Hy  C104  =  HC1+ Cg  Hg  06-2  HO. 

The  second  series  is  formed  by  the  union  of  2  equivs.  of  acid  and 
1  equiv.  of  glycerin,  with  separation  of  2  or  4  equivs.  of  water  :* — 
Distearin  ....     C-g  H-g  O^^    =2  C36  Hgg  O^  +  Cg  Hg  06-2  HO. 

Dibutyriu  ....     C^2^^0i2    =2  C3   Hg   O4  + Cg  Hg  0^-2  HO. 

Diacetin  ....     C^^H^^O^o    =2  C4  H4   O4  + Cg  Hg  O^- 4  HO. 

Benzochlorhydrin      .         .         .     C20  Hu  CI  Og  =  C14  He  O4  4  HCl  +  Cg  Hg  Og  -  4  HO. 
Diethylin  .         .         .         •     C14  Hg   Og     =204   Hg   O2  + Cg  Hg  Og-4  HO. 

Dichlorhydrin  .         .         .         .     Cg  Hr  CI2  O2-2  HCl  +  Cg  Hg  Og-4  HO. 

The  third  series  results  from  the  union  of  3  equivs.  of  acid  and 
I  equiv.  of  glycerine,  with  separation  of  6  equivs.  of  water  : 

Tristearin  .         .     C114  Huo  Ojg  =  3  Cgg  Hgg  O4  +  Cg  Hg  Og  -  6  HO. 

Triolein      .         .         .     C114  H104  Oi2-3  Cgg  H4  O4  +  Cg  Hg  Og  -6  HO. 
Triacetin    .         .         .     Cig  H14   Oi2  =  3  C4  H4   O4  + Cg  Hg  Og-G  HO. 

It  is  to  this  last  series  that  the  natural  fats  belong.  In  the 
decomposition  of  bodies  of  this  series,  3  KO  unite  with  the  anhy- 
drous acid  and  replace  the  residue  Cg  H^  O3,  the  oxygen  in  which 
is  equal  to  one-third  of  that  in  the  anhydrous  acid,  which  ratio  is  the 
same  as  that  in  the  neutral  salts. 

These  facts  show  that  glycerine  bears  to  alcohol  precisely  the  same 
relation  that  phosphoric  acid  bears  to  nitric  acid.     In  fact,  nitric  acid 

*  The  quantity  of  water  eliminated  is,  perhaps,  always  the  same. 
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forms  but  one  series  of  neutral  salts,  whereas  phosphoric  acid  pro- 
duces three  distinct  series  of  salts,  viz.  the  ordinary  phosphates, 
pyrophosphates,  and  metaphosphates.  These  three  series  of  salts, 
when  decomposed  by  a  strong  acid  in  presence  of  water,  reproduce 
one  and  the  same  phosphoric  acid.  In  a  similar  manner,  alcohol 
forms  but  one  series  of  neutral  ethers,  whereas  glycerine  forms  three 
distinct  series  of  neutral  compounds;  and  the  bodies  of  all  three 
series,  when  decomposed  in  presence  of  water,  reproduce  one  and  the 
same  body,  viz.  glycerine. 

Glycerine  is  not  the  only  substance  which  shares  with  the  alcohols 
the  property  of  forming  neutral  and  stable  compounds  by  its  union 
with  acids  in  general.  The  same  property  is  possessed  in  an  almost 
equal  degree  by  mannite.  With  this  body  and  stearic  acid  the 
author  has  already  formed  stearite ;  with  palmitic  acid,  palmitite ; 
with  butyric  acid,  butyrite ;  with  acetic  acid,  acetite ;  and  with 
hydrochloric  acid,  chlorohydrite.  Several  of  these  bodies,  when 
decomposed  by  water  at  a  high  temperature,  reproduce  the  acid  from 
which  they  formed,  and  likewise  crystallised  mannite. 


On  Cappylic  Alcohol  and  its  Derivatives.* 
By  J.  Bonis. 

In  a  former  paperf,  the  author  made  known  the  formation  and 
properties  of  this  new  alcohol,  reserving  the  complete  description  of 
it  for  a  monograph  which  he  was  about  to  publish  on  Castor-oil. 
Peculiar  circumstances  having  prevented  the  completion  of  this  long 
work,  the  following  extract  from  it  is  now  published,  relating  to 
caprylic  alcohol,  in  order  to  fix  the  composition  of  that  body,  which 
has  been  misconceived  by  some  chemists  who  have  repeated  the 
author's  experiments  without  being  acquainted  with  all  the  details  of 
the  preparation. 

Caprylic  alcohol,  C^g  Hjg  O2,  is  a  transparent,  colourless,  oily 
liquid,  which  stains  paper  likeessential  oils;  isinsoluble  in  watcr,soluble 
in  common  alcohol,  wood-spirit,  ether,  and  acetic  acid ;  and  readily 
dissolves  fats,  resins,  sulphur,  phosphorus,  and  iodine.  It  burns  with 
a  very  beautiful  white  flame ;  has  no  action  upon  polarised  lights. 
Sp.  gr.  0'823  at  17°.  Boils  without  decomposition  at  170°,  under  a 
a  pressure  of  0*760  m. 

Sulphuric  acid  transforms  this  alcohol  into  sulphocaprylic  acid, 
capable  of  uniting  with  bases,  or  else  into  a  liquid  hydrocarbon  isomeric 
with  ethylene,  amylcne,  &c.  Tiiis  hydrocarbon  is  also  produced  from 
it  by  the  action  of  fused  chloride  of  zinc. 

Caprylic  alcohol  is  attacked  by  potassium  and  sodium,  forming 
compounds  in  which  part  of  the  hydrogen  is  replaced  by  the  metal. 

*  Compt.  rend,  xxxviii.  935. 

t  Ibid,  xxxiii.  141 ;  Cliem.  Soc.  Qu.  J.  iv.  302. 
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Chloride  of  calcium  combines  with  it,  forming  weJl-clefined  crystals  ; 
the  compound  is  more  soluble  cold  than  hot ;  it  is  destroyed  by  water. 

Castor- oil  properly  treated  with  potash  always  yields  the  fourth  of 
its  weight  of  sebacic  acid,  the  fourth  of  its  volume  of  perfectly  colour- 
less caprylic  alcohol,  and  leaves  a  residue  consisting  of  a  mixture 
of  fatty  acids,  one  of  which  is  liquid,  and  approaches  in  composition 
to  oleic  acid,  the  other  solid,  and  has  the  composition  of  ethalic  acid. 

The  alcohol,  after  being  purified  by  several  distillations  over  frag- 
ments of  potash,  distils  completely  without  alteration  of  boiling  point, 
and  without  even  becoming  coloured. 

Numerous  analyses  of  products  obtained  from  American,  French, 
and  German  castor-oil,  agree  exactly  with  the  formula 

CifiH.s  02  =  4  vol. 
which  has  likewise  been  confirmed  by  several  determinations   of  the 
vapour- density.    Identical  results  were  also  obtained  with  the  alcohol 
procured  by  treating  ricinolic  acid  with  potash. 

The  formula  is  further  established  by  the  composition  of  the  follow- 
ing derivatives  : — 

Caprylene,  Cjg  Hjg,  is  a  colourless,  refracting  liquid,  having  a  some- 
what powerful  odour,  insoluble  in  water,  soluble  in  alcohol  and  ether, 
burning  with  a  very  bright  flame.  Sp.  gr.  =  00723  at  1/°.  Boils 
witliout  decomposition  at  1 25°  under  a  pressure  of  0*700  m.  Vapour- 
density  by  calculation  =  3'8G  =  4  vol.  The  mean  of  several  experi- 
ments gave  -B'SB. 

This  hydrocarbon  was  obtained  by  distilling  the  alcohol  either  with 
sulphuric  acid  or  with  fused  chloride  of  zinc.  The  products  obtained 
either  with  ordinary  sulphuric  acid,  or  with  the  Nordhausen  acid, 
vary  according  to  the  duration  of  the  action ;  being  either  sulpho- 
caprylic  acid,  2  SO3,  C^g  H^^  O.  HO,  or  a  mixture  of  caprylene  and 
caprylic  ether ;  or  lastly,  a  hydrocarbon  isomeric  with  caprylene,  but 
possessing  very  different  properties.  This  last-mentioned  body  has  a 
density  of  0'8l4,andboils  towards  250°,  the  boihngpointrapidlyrisiug; 
ir,s  odour  then  becomes  intolerable,  resembling  that  of  perspiration. 

Sulphocapryhc  acid  is  a  colourless,  syrupy  liquid,  very  soluble  in 
water  and  alcohol ;  blackens  and  decomposes  when  heated  ;  its  solu- 
tion, when  boiled,  reproduces  caprylic  alcohol.  It  is  obtained  by 
exactly  decomposing  sulphocaprylate  of  baryta  with  dilute  sulphuric 
acid,  or  the  lead-salt  with  sulphuric  acid,  and  evaporating  the  liquid  in 
a  dry  vacuum. 

Sulphocaprylate  of  baryta  is  white,  of  nacreous  aspect,  unctuous, 
very  soluble  in  wat^r  and  alcohol,  from  which  it  is  sometimes  de- 
posited in  needle-shaped  crystals;  it  decomposes  towards  100°,  or 
when  left  too  long  in  vacuo.  After  being  pressed  between  folds  of 
paper,  it  gave  by  analysis  numbers  agreeing  exactly  with  the  formula 

2SO3,  Ci6Hi7  0,BaO-|-3HO. 
This  salt    is   extremely  bitter,   but  leaves  a  very  sweet  after-taste. 
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Sulphocaprylate  of  potash  is  wliite,  nacreous,  permanent  in  the  air, 
very  soluble  in  water  and  in  alcohol.  When  heated  it  begins  to  melt, 
and  burns  with  a  bright  flame,  without  charring.  It  is  obtained  from 
the  baryta-salt  by  double  decomposition,  or  by  directly  saturating  the 
acid  with  carbonate  of  potash,  with  certain  precautions  mentioned 
in  the  author's  memoir.  It  decomposes  above  100°.  Its  composition 
is  2  SO3  .  O16  H17  0  .  KO  .  HO. 
Calculation  requires 

SO3.  KO  .  .  .  33-9 
C  .  .  .  37-3 
H         ...  6-9 

Experiment  gave  with  two  different  products 

SO3.    KO         .         .  .         341         .         33-9 

C         .         .         .         371         .         37-17 
H         .         .         .  0-92       .  G-93 

Acetate  of  Cayryl,  Cjg  H^^  O  .  C4  H3  O3,  is  a  liquid  having  a  very 
agreeable  odour,  insoluble  in  water,  boiling  about  190°C.  It  may  be 
readily  obtained  with  caprylic  alcohol,  acetic  acid,  and  a  current  of 
hydrochloric  acid,  or  better  with  acetate  of  soda  and  sulphuric  acid. 

Chloride  of  Capryl,  Cje  H^  CI,  is  liquid,  insoluble  in  water,  very 
slightly  soluble  in  alcohol :  the  solution  does  not  precipitate  silver- 
salts.  It  burns  with  a  smoky  flame,  green  at  the  edges.  Has  a  very 
decided  odour  of  oranges.  Its  boiling  point  is  nearly  constant  at  175°. 
It  was  prepared  directly  with  hydrochloric  acid  and  caprylic  alcohol, 
or  else  with  perchloride  of  phosphorus. 

Iodide  of  Capryl,  C^^H^^  I,  is  very  much  like  the  preceding  com- 
pound. 

When  chloride  of  capryl  is  acted  upon  by  sodium,  all   the  chlorine 

ri      TT 
is  removed,  and  the  product  of  the  action  is  Capryl,   p^^tt^M    or 

caprylene,  C^g  H^g,  according  as  the  process  is  performed  at  a  high  or 
a  low  temperature.     In  the  cold,  the  sodium  becomes  covered  with  a 
pellicle  of  chloride,  which,  when  detached  by  agitation,  is  replaced  by 
a  new  one,  till  the  chlorine  is  completely  removed. 
Analysis  gives  the  following  numbers  for  capryl : — 

C   =   85-04       H   =   14-99      \^^      '     '     ?t'^^ 

(.Jliy      .      .      15-04 

If  the  action  be  assisted  by  heat,  till  the  sodium  appears  to  be  no 

longer  attacked,  a  liquid  is  obtained  having  the  odour  and  density  of 

caprylene,  and,  like  that  compound,  boiling  at  124P.     Its  formula  is 

Ci6Hi6=4vol. 

Analysis  gives : — 

C   =   85-59  .         .         C16   =   85-71 

H   =    14-4U  .         .         H16   =    14-29 

The  vapour-density  was  found    to  be  3-80  =  4   vol.  ;   calculation 

gives  3- 86. 
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XXVI. — On  the  Produce  obtained  from  Barley  sown  in  Rocks  of 

various  ages. 

By  Charles  Daubeny,  M.D.,  F.R.S.,  F.C.S. 

PEOFESSOE  OF  CHEMISTEr,  ETC.,  OXrOED. 

It  has  been  mucli  disputed  amongst  geologists^  whethar  there  be 
any  evidences  derivable  from  the  structure  of  the  rock-formations 
which  constitute  the  crust  of  the  globe,  such  as  should  lead  us  to  infer 
that  any  of  those  lying  near  to  the  bottom  of  the  series  had  been 
deposited  at  a  period  antecedent  to  the  commencement  of  animal  and 
vegetable  life. 

The  affirmative  of  this  proposition  is  naturally  taken  by  those  who 
contend  for  the  old,,  and,  until  lately,  universally  received  opinion,  that 
the  great  classes  into  which  animals  and  vegetables  are  divided 
appeared  upon  the  earth,  not  simultaneously,  but  successively ;  the 
invertebral  class  in  the  former,  and  the  cryptogamia  in  the  latter, 
having  been  first  created,  in  accordance,  as  theory  suggests,  with  the 
more  chaotic  condition  of  the  earlier  stages  of  our  planet ;  whilst  the 
vertebrata  and  the  phanerogamia  were  brought  into  being  afterwards, 
when  circumstances  became  more  favourable  to  the  existence  of 
plants  and  animals  accomplishing  a  greater  variety  of  functions,  and 
requiring,  therefore,  a  more  elaborate  and  delicate  organisation. 

Such  an  opinion  mpst  be  distinguished  from  the  views  of  the  author 
of  the  "  Vestiges,^'  as  it  may  be  entertained  without  any  participation 
in  the  doctrine  of  transmutation  of  species ;  in  the  one  case,  it  being 
conceived  that  organisms  as  perfect  and  as  complicated  as  the  condi- 
tions of  the  earth  admitted,  were  created  in  every  stage  of  the  world's 
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progress,  and,  therefore,  that  higher  types  of  the  classes  which  were 
in  existence,  often  preceded  lower  ones  ;  in  the  other,  the  superior 
types,  even  under  possible  external  conditions,  requiring  to  be  elabo- 
rated out  of  the  inferior,  and,  therefore,  necessarily  succeeding  them. 

The  negative,  however,  of  both  these  hypotheses  is  equally  implied 
in  the  attempts  made  by  Sir  Charles  Lyell  and  his  followers  to 
convince  us,  that  the  animals  which  stand  highest  in  the  order  of  being, 
might  all,  with  the  exception  of  man,  have  existed  at  the  earliest 
periods  of  the  earth's  creation,  no  less  than  those  humbler  forms  of 
organisation  of  which  such  abundant  vestiges  have  been  preserved ; 
since,  if  such  a  position  be  tenable,  there  would  then  be  no  apparent 
reason  why  the  oldest  stratified  rocks  should  not  have  teemed  with 
the  remains  of  animal  life  as  generally,  and  as  copiously,  as  is  found 
to  be  the  case  with  respect  to  those  deposited  at  the  present  day. 

It  is  not  my  purpose  to  detain  you  with  the  arguments  by  which 
these  two  theories  are  respectively  maintained  ;  the  former  supported 
by  the  general  tenor  of  the  observations  hitherto  made  with  respect 
to  the  organic  remains  contained  in  rocks  of  diiFerent  ages ;  the  latter 
fortified  by  an  appeal  to  certain  exceptional  cases,  in  which  the  remains 
or  foot-tracks  of  animals  of  higher  organisation  have  been  found 
associated  wdth  the  more  characteristic  fossils  of  the  stratum;  and, 
consequently,  must  be  inferred  to  date  their  existence  from  a  period 
of  greater  antiquity  than  our  preconceived  notions  would  have  led  us 
to  assign  to  them. 

But  with  regard  to  the  other  question,  which  relates  to  our  recog- 
nition of  rocks  formed  antecedently  to  the  existence  of  organic  life> 
or  at  least  deposited  when  living  beings  were  just  beginning  to  appear, 
it  cannot,  I  think,  be  disputed,  but  that  there  is  di  prima  facie  case,  at 
least,  in  favour  of  it,  in  the  entire  absence  of  organic  remains  from 
many  rocks  lying  below  the  great  Silurian  formation,  which  have 
been  well  explored ;  and  also  from  the  gradual  dying  out,  as  it  were, 
of  the  same  as  we  descend  in  the  series. 

"Thus,''  as  Sir  R.  Murchison  observes,  ''in  Bohemia,  as  in  Great 
Britain,  and  in  portions  of  North  America,  the  lowest  zone  containing 
fossil  remains  is  underlaid  by  very  thick  buttresses  of  earher  sedimen- 
tary accumulations,  whether  sandstone,  schist,  or  slate,  which,  though 
occasionally  not  more  crystalline  than  the  fossiliferous  beds  above 
them,  have  yet  afforded  no  sign  of  former  beings." 

The  reply  to  this  argument  is  made  by  an  appeal  to  our  ignorance ; 
by  reference  to  the  many  cases  of  metamorphic  action  that  occurred  at 
later  periods  of  the  earth's  history,  from  which  an  entire  obliteration 
of  the  organic  remains  of  a  rock  appears  to  have  resulted ;  and  by 
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suggesting  that  the  chances  of  metaniorphic  action  having  taken  place 
are  multiplied  in  proportion  to  the  antiquity  of  the  formation  with 
which  we  have  to  deal. 

In  considering  this  question,  it  occurred  to  me  to  ask,  whether 
there  were  not  certain  products  of  the  operations  of  life  which  might 
escape  destruction,  even  if  all  external  indications  of  them  were 
obliterated ;  and,  if  so,  whether  they  ought  not  to  remain  as  perma- 
nent monuments  of  beings  that  once  existed,  even  after  this  supposed 
metamorphic  action  had  remodelled  the  beds  in  which  they  were 
deposited. 

It  is  now  many  years  since*  I  satisfied  myself  of  the  existence  of 
phosphoric  acid  in  so  many  secondary  limestones,  that  I  was  led  at 
the  time  to  infer  that  this  ingredient  existed  almost  universally ;  and 
at  present  its  occurrence  even  amongst  metamorphic  rocks  is  generally 
admitted,  not  only  from  the  indirect  evidence  arising  from  the  fact 
that  plants  are  able  to  draw  this  necessary  principle  in  sufficient 
quantities  from  the  soil  resulting  from  the  decomposition  of  such 
rocks,  but  also  by  direct  analysis,  which  has  established  its  presence 
in  them. 

If  this  be  the  case,  I  see  no  reason  why  the  earliest  rocks  with 
which  animal  life  was  associated  should  not  still  retain  the  phosphoric 
acid,  which  must  have  formed  an  integral  part  of  their  organisation, 
and,  therefore,  might  not  afford,  to  a  certain  extent  at  least,  a  pre- 
sumption in  favour  of  the  presence  of  organic  remains  before 
metamorphic  action  had  changed  altogether  the  original  structure  of 
the  rock. 

The  occurrence,  indeed,  of  phosphoric  acid  in  a  rock  is  no  certain 
criterion  of  the  former  existence  of  animals,  because  we  must  assume 
it  to  have  been  present,  in  common  with  all  the  other  necessary 
constituents  of  organic  bodies,  before  any  of  the  latter  came  into 
being ;  and  because,  also,  we  have  examples  of  its  appearance,  as  in 
the  phosphorite  rock  of  Estremadura,  in  a  condition  which  compels 
us  to  ascribe  its  deposition  to  chemical  forces  alone. 

When,  for  instance.  Sir  Charles  Lyell,  in  his  anniversary  address 
for  1851,  p.  36,  alleges,  that  the  discovery  made  by  the  Government 
surveyors  of  concretions  containing  between  30  and  40  per  cent,  of 
phosphate  of  lime  in  the  Bala  limestone  bears  witness  to  the  existence 
of  vertebrata  in  the  most  ancient  seas,  we  are  inclined  to  withhold  our 
assent  to  such  a  proposition,  until  assured  that  this  local  accumulation 
of  the  substance  in  question  could  not  have  been  brought  together 

*  Eeport  on  Mineral  and  Thermal  Waters  :  Brit.  Assoc.  Reports  for  1836,  p.  20. — 
Three  Lectures  on  Agriculture,  1841,  p.  46. 
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by  those  chemical  operations  which  have  worked  so  many  changes  in 
rocks^  antecedently  to,  or  at  least  independent  of,  the  agency  of  living 
beings.  But  the  converse  of  the  proposition  would  seem  less  open 
to  objection,  for  it  is  contrary  to  all  analogy  to  imagine  any  class  of 
animals  to  have  existed,  without  leaving  behind  them  some  traces  of 
the  phosphoric  acid,  which  seems,  so  far  as  we  know,  an  universal 
concomitant  of  life  in  all  its  phases.* 

These  traces  no  doubt  become  fainter  as  we  descend  in  the  scale  of 
organisation,  and  consequently  may,  in  many  instances,  escape  detection. 

The  main  difficulty,  indeed,  in  the  investigation,  arises  from  the 
minute  quantity  in  which  phosphoric  acid  exists,  as  compared  with 
the  other  ingredients  of  a  rock,  as  well  as  from  the  imperfection  of  our 
means  of  separating  it,  when  intermixed,  or  combined  with  the  other 
matters  present. 

I  have  tried  to  extract  phosphoric  acid  from  the  slate  of  Skiddaw, 
of  Bangor,  and  some  others,  operating  upon  several  ounces  of  each 
by  long-continued  digestion  in  nitric  acid,  as  recommended  to  me  by 
Baron  Liebig,  but  could  not  satisfy  myself  of  the  presence  of  this 
substance,  although  I  suspected  traces  of  it  to  exist  in  the  instance 
of  that  from  Skiddaw.  I  have,  however,  no  confidence  in  my  power 
of  eliminating,  by  any  chemical  reagents  at  my  disposal,  from  a  mass 
of  clay,  stone,  or  loam,  a  portion  of  phosphoric  acid  which  does  not 
exceed  to^-o  o^h  part  of  the  entire  mass ;  and  yet  such  a  proportion 
distributed  over  an  acre  of  ground,  which,  to  a  depth  of  only  one  foot, 
contains  at  least  1 600  tons  of  earth,  would  indicate  more  than  350. 
lbs.  of  phosphoric  acid, — equivalent  to  that  contained  in  a  very  large 
development  of  animals  of  the  lower  class. 

But  we  may  be  sure  that  if  any  of  those  crops  which  contain  in 
themselves  nutriment  for  the  higher  grades  of  animals  will  grow  in  a 
particular  rock,  phosphoric  acid  in  some  shape  or  other  must  be 
present  in  it. 

If  any  doubt  exist  on  that  head,  I  may  refer  in  confirmation  of  it 
to  the    recent   experiments  of  the   Prince  of   Salm-Horstmar,t 

*  Lehmann  (Physiological  Chemistry)  statesthat  phosphate  of  lime  occurs  in  every 
kind  of  animal  tissue,  in  all  animal  fluids,  in  all  protein  compounds  more  especially. 
It  probably  plays  an  important  part  in  the  metamorphosis  of  the  animal  tissues,  and 
especially  in  the  formation  and  in  the  subsequent  changes  of  animal  cells. 

Schmidt  found,  in  the  inner  side  of  the  mouth  of  Unio  and  Anodonta,  no  less  than 
15  per  cent,  of  phosphate  of  lime,  3  of  carbonate  of  lime,  and  82  of  organic  matter  ;  so 
that  the  phosphate  seems  to  be  separated  from  the  blood  by  this  organ,  for  the  pur- 
pose of  cell-formation.  It  seems  probable  that  the  carbonate  is  converted  in  the  animal 
into  phosphate  by  the  phosphorus  it  contains.  The  latter,  however,  would  seem  to 
arise  from  the  I'eduction  of  phosphoric  acid.  I  suspect  that  phosphoric  acid  will  be 
found  present  in  all  nitrogenised  structures,  whether  of  animals  or  vegetables. 

t  Ann.  Ch.  Phys.  [3],  xxxii.  461,  xxxv.  54. 
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which  show,  that  if  the  soil  be  deficient  in  any  of  the  seven  essential 
elements  of  plants,  of  which  phosphoric  acid  is  one,  no  complete 
development  of  its  parts  will  take  place. 

It  would  seem,  therefore,  at  first  sight,  as  if  we  had  nothing  else 
to  do  except  to  observe  whether  or  not  a  soil  was  utterly  barren,  in 
order  to  assure  ourselves  of  the  presence  of  this  ingredient ;  and  such 
undoubtedly  would  be  the  case,  provided  we  could  ascertain  that 
neither  art  nor  nature  had  introduced  any  foreign  body  into  the 
materials  derived  from  the  subjacent  subsoil. 

But  I  know  not  how  this  can  be  confidently  predicated,  even 
with  reference  to  a  newly-peopled  country,  much  less  in  the  case  of 
one  long  cultivated,  like  our  own ;  since  it  would  be  necessary  to 
prove,  not  only  that  the  surface  had  never  been  modified  by  the 
addition  of  any  kind  of  manure,  but  also  that  no  torrent  or  flood  had 
at  anytime  spread  over  it  materials  derived  from  the  country  adjacent. 

It  seemed  to  me  therefore,  that  it  would  be  more  satisfactory  to 
try  the  experiment  on  a  small  scale,  by  bringing  away  from  the  spots, 
the  subsoil  of  which  it  was  my  wish  to  test,  a  sufficient  quantity  of 
the  pure  rock  to  fill  an  open  box,  the  dimensions  of  which  should  be 
about  2  feet  square,  and  of  nearly  equal  depth. 

Into  this,  the  material,  after  having  been  coarsely  pulverised,  was 
introduced ;  more  or  less  pure  sand  being  added  to  it,  according  as 
this  was  found  necessary,  in  order  to  bring  the  whole  into  that  state 
of  consistency  which  appeared  likely  to  render  it,  mechanically  speak- 
ing, suitable  for  vegetation, 

A  given  weight  of  barley,  the  amount  of  ash,  and  also  of  phosphoric 
acid,  present  in  which  had  been  ascertained  by  a  previous  examination, 
was  then  sown  in  each  of  the  boxes.  In  the  experiments  made  in 
1852  and  1853,  the  quantity  of  barley  sown  weighed  in  each  case 
120  grains,  from  which  were  obtained  3*5  grains  of  ash,  and  as  nearly 
as  possible  1  grain  of  phosphoric  acid ;  but  finding  this  quantity 
unnecessarily  large  for  the  earth  employed,  only  fifteen  grains  were 
introduced  in  1854,  which,  from  the  results  obtained,  seemed  to  be 
amply  sufficient. 

Wishing  to  test  in  this  manner  the  relative  capacity  of  rocks  of 
different  ages  to  yield  phosphoric  acid  to  the  crop  whicli  grew  in  them, 
I  selected  the  following  samples,  which  include  most  of  the  rock- 
formations,  from  the  chalk  to  the  lower  Silurian  or  Cambrian  series  : — 

1.  The  chalk  from  the  neighbourhood  of  Brighton,  Sussex. 

2.  The   sand   from   the    calcareous   grit   of    Headington,  near 

Oxford. 
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3.  The  oolitic  limestone  taken  from  tlie  borders  of  the  Cotswold 

Hills,  near  Cirencester,  Gloucestershire. 

4.  The  new  red   sandstone    from    Haffield,  near   Ledbury,  in 

Herefordshire. 

5.  Pure  dolomite  from  the  magnesian  limestone  formation  of 

Roche  Abbey,  in  Derbyshire. 

6.  Slate  taken  from  a  spot  near  Dolgelly,  designated  by  Professor 

Sedgwick  as  a  rock  lying  below  the  Silurian  strata,  and 
apparently  destitute  of  organic  remains. 

7.  Clay  slate  from  the  foot  of  Skiddaw,  in  Cumberland,  also 

regarded  by  geologists  as  lying  very  low  in  the  series. 

To  these  were  added,  in  the  present  year,  two  samples  of  slate 
from  N.  Wales,  both,  so  far  as  our  examination  has  yet  gone,  totally 
destitute  of  organic  remains,  and  both  lying  at  the  base  of  the  whole 
series  of  rock-formations  which  have  been  described  by  Sir  Roderick 
Murchison  and  Professor  Sedgwick  in  that  country. 

These  were — 

8.  The  slate  from  the  quarries  of  Nant  Frangon,  near  Bangor ; 

and 

9.  That  from  the  quarries  of  Llanberris,  in  the  same  neighbour- 

hood. 

I  also  employed  a  sample  of  micaceous  schist  fi'om  Loch  Lomond, 
procured  through  the  kindness  of  Mr.  Andrew  Liddell,  of  Glas- 
gow,— a  rock  in  which  metamorphic  action  had  entirely  obliterated  all 
traces  of  organic  life,  if  any  such  were  ever  present  in  it. 

In  order  to  afford  a  standard  of  comparison,  there  was  added  to 
these,  in  each  of  the  three  years,  a  box  containing  some  of  the  soil 
of  the  Botanic  Garden,  Oxford,  where  the  experiments  were  carried 
on,  of  which  an  analysis  has  been  already  given  in  my  Bakerian  Lecture, 
Phil.  Trans.  1845,  but  which  may  be  described  briefly  as  a  made  soil 
of  an  argillaceous  character,  resting  on  the  Oxford  clay. 

The  results  obtained  are  given  in  a  connected  view  in  the  two  tables 
which  accompany  this  memoir  (pp.  301 ,  302,  and  303)  ;  and  I  have 
also  constructed  a  diagram  (p.  300),  in  which  the  relative  quantities  of 
phosphoric  acid  extracted  from  each  of  the  rocks  during  the  several 
years  in  which  the  barley  was  sown  in  them,  are  registered. 

During  the  years  1852  and  1853,  none  of  the  rocks  or  soils  expe- 
rimented upon  were  manured,  except  that  from  the  Botanic  Garden ; 
and  yet  it  will  be  perceived  that  the  crops  grown  in  the  former  of 
these  years  were  all  sufficient  to  attest  the  fact,  that  a  portion  of 
phosphoric  acid  must  have  been  withdrawn  from  the  rock  in  which 
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tliey  were  reared.  The  proportion,  however,  varied  very  considerably ; 
and  if  we  regard  the  quantity  yielded  by  the  crop  which  was  obtained 
from  the  Botanic  Garden  soil,  as  the  normal  amount  which,  under 
such  circumstances,  the  crop  was  likely  to  extract  from  ground  of 
about  the  average  amount  of  fertility,  we  shall  find  that  whilst  3-9 
grains  of  phosphoric  acid  had  been  absorbed  in  this  instance,  no  less 
than  7'73  was  extracted  from  the  rich  marly  sandstone  of  Ledbury; 
2*38  from  the  chalk ;  1*52  from  the  Headington  grit;  and  quantities 
varying  from  1|-  to  1  grain  from  the  remaining  rocks. 

So  far,  therefore,  there  appeared  no  striking  inferiority  on  the  part 
of  the  Cambrian  or  lower  Silurian  slates,  to  the  oolite,  the  Headington 
grit,  or  the  dolomite  of  Derbyshire  ;  for  the  differences  in  the  amount 
of  phosphoric  acid  taken  up  by  the  crop  in  these  several  instances, 
were  very  inconsiderable.  But  the  produce  of  the  year  succeeding 
seemed  to  indicate  that,  in  the  former  cases,  the  deficiency  arose  from 
an  actual  want  of  phosphoric  acid,  whilst  in  the  latter  it  was  occasioned 
only  by  the  necessity  for  a  longer  period  of  exposure,  in  order  that 
the  natural  agents  of  decomposition  should  be  enabled  to  develof)e, 
and  render  soluble,  ingredients  which  were  actually  present  in  the 
rock,  but  which,  at  first,  had  not  been  available. 

This,  I  think,  may  be  inferred  from  the  fact,  that  whereas  the 
oolitic  rock  in  1853  supplied  4'1  gr.  of  phosphoric  acid,  the  dolomite 
6*53,  and  the  Headington  grit  5*55  :  the  slate  from  Dolgelly,  on 
the  other  hand,  yielded  only  0"05,  and  that  from  Skiddaw  none 
at  all. 

In  1854,  a  similar  deficiency  in  the  amount  of  phosphoric  acid 
obtained,  was  evinced  by  the  two  specimens  of  Welsh  slates  which  I 
then  operated  upon ;  that  from  Bangor  imparting  little  more  than  0*8 
of  a  grain  of  phosphoric  acid  to  the  barley  sown  in  it,  and  from 
Llanberris  none  at  all ;  there  being,  in  fact,  less  phosphoric  acid  in 
the  crop  than  in  the  grain  sown. 

The  specimen  of  micaceous  slate,  likewise,  which  1  obtained  from 
the  neighbourhood  of  Glasgow,  only  appeared  capable  of  supplying 
about  06  of  a  grain  of  phosphoric  acid  to  the  crop  which  grew  in  it. 

A  similar  argument,  as  it  appears  to  me,  might  be  deduced  from 
the  fact,  that  no  large  amount  of  lime  in  any  shape  at  all,  as  com- 
pared with  the  other  ingredients,  was  discoverable  in  the  slates  in 
question.  Thus,  after  long  digestion  in  nitric  acid,  the  slate  from 
Dolgelly  yielded  only  3*2  gr.  in  the  1000,  or  about  03  per  cent.  ;  the 
mica  schist  1*6  in  the  1000  gr. ;  the  Bangor  slate  1*23;  the  Skiddaw, 
only  a  mere  trace ;  the  Llanberris  slate,  none  at  all.  After  fusion 
with  carbonate  of  soda,  indeed,  these  slates,  similarly  treated,  afforded 
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rather  a  larger  quantity  of  lime,  the  rock  froDi  Dolgelly  then  indi- 
cating as  much  as  13*2  gr.  to  the  1000;  the  mica  schist  4*85  gr. ; 
that  from  Bangor  41  gr. ;  and  from  Llanberris  2'2.  The  Skiddaw 
slate  alone,  under  neither  of  these  methods  of  procedure,  gave 
indications  of  more  than  a  trace  of  lime.  These  quantities,  however, 
are  all  very  small  in  relation  to  those  ordinarily  existing  in  rocks 
which  contain  organic  remains,  unless,  indeed,  in  cases  where  we  may 
on  other  grounds  suspect  a  removal  of  the  lime  originally  present,  or 
a  substitution  for  it  of  some  other  ingredient,  to  have  taken  place. 

Now,  as  in  the  case  of  phosphoric  acid,  although  the  presence  of 
lime  proves  in  itself  nothing  as  to  the  existence  of  animal  or  vegetable 
life  cotemporaneously  to  the  deposition  of  the  rock,  its  absence  w^ould 
se^m  to  indicate  the  want,  and  its  deficiency  the  paucity  at  least,  of 
lime-secreting  beings. 

It  remains  to  be  seen  whether  rocks  of  equal  antiquity  contain 
lime  in  such  a  condition — that  is,  so  disseminated  through  the  rock — 
as  to  lead  to  the  contrary  inference ;  for  its  occurrence  in  veins,  or 
in  alternating  strata,  would  prove  nothing,  inasmuch  as  chemical 
forces  alone  might  have  been  capable  of  bringing  it  there,  and  of 
producing  the  arrangement  v/hich  it  exhibits. 

To  return,  however,  to  the  case  of  the  phosphoric  acid,  it  might  be 
said  that  the  failure  in  these  instances  arose,  not  from  the  want  of 
this  ingredient,  but  from  some  mechanical  or  other  unsuitableness  in 
the  rock  for  rearing  a  crop  of  the  above  description ;  but  this  objection 
was  obviated  by  adding,  in  1854,  to  the  same  sample  of  Dolgelly 
and  of  Skiddaw  slates  which  had  been  made  the  subject  of  experiment 
in  the  two  preceding  years,  a  portion  of  phosphate  of  lime  and  of 
nitrate  of  soda. 

The  same  trial  was  also  made  upon  the  two  Welsh  slates  obtained 
in  1854,  and  in  these  instances  in  a  manner  even  more  conclusive, 
because  the  manured  and  unmanured  rock  was  experimented  upon  at 
the  very  same  time. 

The  great  increase  of  crop  obtained  in  all  the  four  instances  by 
manuring,  sufficiently  evinces  that  there  was  no  mechanical  impediment 
offered  by  any  of  those  samples  of  rock  to  the  growth  of  barley ;  the 
following  being  the  results  obtained : — 

In  Dolgelly  slate,  the  phosphoric  acid  extracted  from  the  rock 
in  1853  was  only  0*05 ;  in  1854,  the  rock  being  manured, 
1-06. 

Skiddaw  slate        .     in  1863,  unmanured     O'OO 
3,  yy  .     „  1854,  manured    .     193 
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Slate  from  Bangor     in  1854,  unmanured  0-08 

„  ,,  „      „  manured    .  1*71 

„    from  Llanberris  „  1854,  unmanured  0  00 

„  „  „      ,,  manured    .  1*00  gr. 

The  same  inference  may  probably  be  drawn  from  the  fact,  that  in 
those  rocks  which  evinced  a  deficiency  in  phosphoric  acid,  the  propor- 
tion of  straw  to  grain  exceeded  the  average,  so  that  it  may  be 
concluded  that  the  barley  made  an  effort  to  develope  itself,  and 
proceeded  in  its  growth,  until  it  was  arrested  by  the  want  of  phos- 
phoric acid.* 

As  this  ingredient  is  not  uniformly  distributed  through  all  the  parts 
of  a  growing  plant,  but  is  found  principally  in  the  grain,  and  even  in 
this  is  confined  to  the  gluten,  starch  being  almost  destitute  of  it,  f 
it  seemed  to  me  desirable  not  to  content  myself,  in  every  instance, 
with  merely  calculating  the  probable  amount  of  phosphoric  acid  from 
that  of  the  ash  obtained,  but  in  some  cases  to  determine  it  by  actual 
experiment ;  and  accordingly  it  will  be  found,  by  reference  to  the 
table,  that  in  the  case  of  the  Bangor,  Skiddaw,  Llanberris,  and  Dolgelly 
slates,  less  phosphoric  acid  was  detected  in  the  ashes  than  is  normally 
present  in  the  same  amount  of  barley. 

It  must  be  admitted  that  the  above  experiments,  even  though  con- 
ducted upon  a  sound  principle,  do  not  go  the  length  of  substantiating 
the  entire  absence  of  phosphoric  acid  in  any  of  the  cases  examined, 
except  in  that  of  the  Llanberris  slate,  where,  as  will  be  seen,  there 
was  even  at  first  less  phosphoric  acid  in  the  crop  than  in  the  grain 
previously  sown,  whilst  in  the  others  we  always  observed  in  the  first 
year  a  small  increase,  amounting  in  the  case  of  the  Bangor  slate  to 
about  -1-%  of  a  grain  ;  in  that  of  the  Dolgelly  rock,  to  about  1  ^  gr. ; 
in  that  of  the  Skiddaw  slate,  to  1';^ ;  and  in  the  micaceous  rock  from 
Loch  Lomond,  to  about  y*\j-  of  a  grain. 

Nevertheless,  the  marked  diminution  which,  in  these  cases,  took 
place  in  the  second  year,  serves  to  show  that  the  first  crop  had  really 
taken  up  nearly  all  which  the  rock  was  able  to  afford ;  and  in  these 
Gases  the  inference  would  seem  to  be,  that  we  had  approached  the 
borders,  at  least,  of  the  lower  limit  of  organic  existence ;  for,  as  the 

*  See  the  experiments  recorded  in  the  "  Annales  de  Chimie"  for  1851,  by  the  Prince 
of  Salm-Horstmar,  on>the  growth  of  oats  in  boxes  filled  with  pure  sand  or  quartz, 
from  which  one  or  more  of  the  substances  usually  present  in  soils  and  in  the  ashes 
of  plants  were  excluded.  When  phosphoric  acid  was  cut  oflP,  though  the  vegetative 
part  of  the  plant,  as  the  straw,  continued,  the  seed  was  not  produced,  and  the  procesB 
of  reproduction  was  arrested  in  the  act  of  flowering. 

t  See  my  Bakerian  Lecture,  p.  239-40. 
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whole  quantity  of  rock  contained  in  each  of  the  boxes  exceeded  60  lbs. 
or  460,800  grains,  we  should  have  no  right  to  calculate  upon  more 
than  from  about  3-77-0^-00^  part  of  phosphoric  acid  in  the  rock  which 
yielded  the  largest  amount  of  this  ingredient,  and  little  more  than 
To-oTf-o  0-0  ^^  that  which  supplied  the  smallest. 

Now  in  the  case  of  the  Cambrian  slate  from  Dolgelly,  the  stock  of 
phosphoric  acid  appeared  the  second  year  to  be  nearly,  and  in  that 
from  Skiddaw,  wholly  exhausted,  although,  by  the  addition  of  phosphate 
of  lime  to  each,  they  were  brought  back,  as  will  be  seen,  to  more  than 
their  original  fertility. 

If,  then,  we  compare  the  above  proportions  of  phosphoric  acid 
with  those  ascertained  by  the  most  recent  investigations  to  exist  in 
secondary  limestones,  or  in  soils  derived  from  them,  we  shall  find 
an  enormous  disproportion  between  the  two ;  few  of  the  latter  that 
have  been  analysed  appearing  to  contain  less  than  one  part  of  phos- 
phoric acid  in  10,000,  and  many  probably  as  much  as  1  part  in  the 
1000. 

If  it  be  objected  that  the  phosphoric  acid  might  be  locked  up  in 
the  rock  in  such  a  manner  as  to  prevent  its  being  given  out  to  the 
growing  crop,  it  may  be  replied  that  we  have  no  right  to  infer  the 
existence  of  a  body  which  has  neither  been  detected  by  direct  chemical 
analysis,  nor  shown  to  be  present  by  tlie  indirect  method  resorted  to, 
until  at  least  more  refined  researches  shall  either  have  determined  its 
presence,  or  have  pointed  out  the  manner  in  which,  after  having  been 
once  deposited  in  the  rock,  it  may  have  been  dissipated  by  the  meta- 
morphic  action  which  subsequently  took  place. 

It  may  also  be  objected,  that  my  experiments  are  too  limited  in 
number  and  extent  to  warrant  any  general  conclusions  being  deduced 
from  them ;  noi*,  indeed,  have  I  the  presumption  to  suppose,  that  they 
alone  are  capable  of  settling  so  large  a  question  as  that  which  has 
been  mooted  in  this  paper. 

I  may,  however,  remark,  that  whilst  in  all  the  secondary  rocks  I 
examined,  the  usual  proportion  of  phosphoric  acid  was  discoverable 
by  my  method,  a  marked  deficiency  in  this  ingredient  w^as  perceived 
in  every  one  of  the  samples  taken  from  the  bottom  of  the  Silurian  or 
of  the  Cambrian  series  which  I  had  collected. 

It  may,  moreover,  be  pointed  out,  that  these  samples  were  chosen, 
not  from  one  locality,  but  from  a  number  of  places,  for  the  most  part 
quite  remote  one  from  the  other,  in  England,  Scotland,  and  Wales, — 
and  that,  in  the  case  of  the  Bangor  slate,  the  rock  employed  consisted 
of  the  powder  rubbed  off  from  a  great  variety  of  slates,  taken  from  all 
parts  of  that  extensive  quarry,  by  the  grinding  or  sawing  process  to 
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which  they  are  subjected  in  order  to  bring  them  to  an  uniform  size ; 
and  that  they  may  therefore  be  presumed  to  present  a  fair  average  of 
the  rock  in  general. 

Indeed,  when  we  recollect  that  not  a  trace  of  any  organic  body  has 
been  detected  by  the  most  careful  examination,  notwithstanding  the 
vast  quantities  of  this  slate  that  have  been  exposed  to  observation 
within  the  last  century,  in  consequence  of  the  enormous  demand  that 
has  arisen  for  the  material,  both  at  home  and  abroad,  it  is  evident 
that,  if  organic  remains  were  ever  present,  the  most  complete  meta- 
morphic  action  must  have  operated  throughout  the  mass,  in  order 
to  bring  about  so  total  an  obliteration  of  them ;  nor  could  such  a 
process  have  taken  place  without  diffusing  the  phosphates  throughout 
the  rock,  so  as  to  afford  traces  of  it  everywhere. 

At  any  rate  I  hope  to  have  succeeded  in  opening  a  line  of  inquiry, 
which,  if  further  pursued,  may  lead  to  the  future  elucidation  of  this 
problem,  and,  at  the  same  time,  may  have  an  immediate  practical 
bearing  upon  agriculture  itself,  by  pointing  out  which  of  the  rock- 
formations  are  most  likely  to  be  deficient  in  phosphoric  acid,  and, 
therefore,  most  susceptible  of  amelioration  by  manures  containing 
that  principle. 


TABLE, 

Showing  the  relation  between  the  amount  of  phosphoric  acid  present 
in  the  barley  sown,  and  in  the  crop  obtained  from  it,  in  the  several 
soils  below-mentioned : — 
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8*. 

3. 

Oolite,  Cirencester. 
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Clay  Slate,  Skiddaw. 

Ditto,  manured. 
Clay  Slate,  Bangor. 
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Clay  Slate,  Llanberris. 

Ditto,  manured. 
11.  Mica  Schist,  Glasgow. 
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Rock  in  which 
the  Barley  was  sown. 


6.  Micareous  Slate,  near 
Glasgow  :— 

Grain  

Straw  


Total 

Weight  of  Barley  sown. 


Gain, 


Produce  from  the 
Barley  sown  in 


Ash  obtained  from  the  Crop  in 


1854. 
Unmanured. 


60  0 
342  0 


402-0 
150 


3870 


1854. 


1-30 

28-30 


29-60 


f  "Weight  of  Ash  in  i     .^ . 
\     Barley  sown  . .  j 


Gain   ..  29-16 


7.  Bangor  Slate ; 
Grain  . . 
Straw  .. 


Unmanu- 
red. 
75-0 
294  0 


Total 

Weight  of  Barley  sown. 


3690 
15-0 


Gain. 


8.  Llanberris  Slate  :— 

Grain  

Straw  


Total 

Weight  of  Barley  sown. . 


354  0 


4-0 
27-0 


31-0 
150 


Gain. 


16-0 


Manured. 


3300 
1222-0 


15520 
150 

1537  0 


164-0 
466-0 


630-0 
15-0 


6150 


1854. 

Unmanured. 
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\     Barle>  sown      . . .  /     ^  ^^ 
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2'50 
f Weight   of  Ash   in-i  ... 

I     Barley  sown J 


Manured. 

7-00 
71-00 
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•44 
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27-80 


32-50 
•44 
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9.  Cambrian  Slate,  near 
Dolgelly  :— 

Grain  

Straw  

Total 

Weight  of  Barley  sown. . 


Gain 


10.  Clay  Slate,  from 
Skiddaw,  Cumber- 
land :— 

Grain  

Straw 

Total 

Weight  of  Barley  sown. . 


Gain. 


Soil  of  the  Botanic 
Garden,  Oxford,  being 
made  ground  resting 
on  the  Oxford  Clay  :— 

Gcain   

Straw  

Total 

Weight  of  Barley  sown. . 
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836-0 


1020-0 
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Unma- 
nured. 
290  0 
9100 

1200-0 

120-0 


Manu- 
red. 
428 
1132 


1560 
120 

1446 


1853. 

Unma- 
nured. 
1380 
155-0 


293  0 
120  0 


173-0 

Unma- 
nured. 
127-5 
1500 
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120-0 


157-5 


Manu- 
red. 
591 
1730 


2321 
120 

2201 


1854. 

Manu- 
red. 
3300 
448-0 
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15-0 

763  0 
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red. 
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537-0 

887  0 


1852. 
Unmanured. 


5-0 
54-5 


69-5 


f  Weigh t'of  Ash  \     „., 
I  in  Barley  sown  / 


Gain 


15-0 


(-Weight  of  Ash  "i 
1  in  Barley  sown  J 


872-0 


Manu- 
red. 
565 
1695 


Gain 


Manured. 
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3-5 
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17-0 
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3-5 
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red. 
9  50 
26-00 


35-50 
•44 
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10-10 
34-10 


44-20 
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43-76 
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ount  of  Phosplioric  Acid  present  in  the  Crop  of 


By  calculation 0-182 
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•567 


Relation  between  the 
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Matter  existing  in 
the  Crop  obtained  in 

1854. 

Grain  as 100*00 
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Relation  between  the 

two  Crops,  the  Ratio 

being  in 


Unmanured. 

y  calculation 0-640 

^calculation 0322 
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Barley  sown....  /     "  ^-^ 
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calculation 0-062 

/calculation 0-041 
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Manured. 

By  experiment 0-560 

By  calculation 1-280 
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By  calculation 0*652 

By  calculation 0-500 
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Unmanured    Manured. 
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Ash    2-86 


Straw  100 
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1852. 

Unmanured. 

experiment  1*500 
calculation  0  970 

Total..   2-470 
98p,  acid 
sent     in 
ley  gown 


1-00 


Gain 


1-47 


experiment    1  -0 
calculation    r2 


Total  .. 
'sp.  Acid  \ 
ient  in  \ 
ley  sown ) 
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1853. 

Unmanured. 

By  experiment  0^55 

By  experiment  050   By  calculation  0470 

Total  ..   1-05:  Total....   r730 

1*00     -125 


1854. 

Manured. 

By  experiment  1*260 
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0*05 
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By  experiment  0*25    By  experiment  1*400 
By  calculation  0-26   By  calculation  0-660 
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XXVII. — Notice  of  Further  Experiments  as  to  the  Reduction   of 
Metallic  Oxides  by  the  Peroxide  of  Barium. 

By  B.  C.  Brodie,  F.R.S., 

Si:CRETAEY    TO    THE    CHEMICAL   SOCIETY. 

The  following  experirnents  were  made  in  continuation  of  an  inquiry 
relating  to  the  laws  of  the  formation  of  the  elemental  bodies,  which 
appeared  some  time  since  in  the  "  Transactions  of  the  Royal  Society/^ 
To  render  them  intelligible,  I  may  briefly  recall  the  general  results 
of  that  investigation. 

It  was  known  from  the  experiments  of  Thenard,  that  when  the 
peroxide  of  hydrogen  is  placed  in  contact  with  certain  metallic  oxides, 
both  substances  are  decomposed.  This  decomposition,  which  was  not 
in  harmony  with  prevalent  ideas  as  to  the  nature  of  chemical  decom- 
positions, had  received  the  occasional  attention  of  chemists,  but  never 
been  made  the  subject  of  experiment.  It  occurred  to  me  that  this 
event  was  a  chemical  change  of  a  peculiar  kind,  in  which  two  particles 
of  oxygen  fulfilled  the  same  function  and  produced  the  same  results 
as  in  ordinary  decompositions  were  produced  by  the  particles  of  two 
elements, — as,  for  example,  of  oxygen  and  hydrogen, — and  that  the 
reduction  which  took  place  was  due  to  the  chemical  combination  of 
the  oxygen  from  the  peroxide  of  barium  with  the  oxygen  from  the 
reduced  oxide.  From  this  point  of  view,  I  made  experiments  as  to 
the  ratio  in  which  the  oxygen  was  evolved  from  the  two  substances. 
These  experiments,  w^hile  they  confirmed  these  views,  have  opened 
out  a  new  and  further  field  of  research.  Experiment  showed  that 
the  loss  of  oxygen  from  the  reduced  oxide  bore  a  definite,  but  yet  a 
variable,  ratio  to  the  loss  from  the  peroxide  of  barium ;  that  in  all 
cases  this  ratio  was  comprised  between  two  limits;  the  amount  of 
reduction  might  be  almost  indefinitely  diminished,  in  which  case  the 
action  of  the  metallic  oxide  approached  to  that  action  of  platinum  or 
carbon  which  goes  by  the  name  of  catalysis ;  and  that,  by  changing 
the  circumstances,  the  amount  of  reduction  might  be  so  increased  as 
to  approach  very  closely  to  a  loss  of  equal  equivalents  of  oxygen  from 
the  two  substances.  This  loss  of  equal  equivalents  was  realised  in  the 
case  of  the  action  of  a  mixture  of  iodine  and  water  upon  peroxide  of 
barium,  in  which  experiment  water  itself  may  be  regarded  as  the  oxide 
reduced.  The  ratios  intermediate  between  these  limits  indicated  a 
remarkable  law.  This  ratio  varied  with  several  circumstances, — -with 
the  nature  of  the  chemical  substance  reduced,  with  the  temperature,  and 
with  the  mass.      It  appeared  that  when  the  relative  proportion  of  the 
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substances  was  varied,  other  circumstances  being  the  same,  this  ratio 
changed,  not  continuously,  but  by  intermittent  steps ;  so  that  while 
at  certain  points  there  appeared  to  be  a  continuous  increase  of  loss, 
as  the  quantity  of  the  metallic  oxide  was  increased^  at  certain  other 
points,  this  quantity  might  be  very  greatly  varied  without  any  altera- 
tion of  the  ratio.  Since  these  experiments,  the  existence  of  this  law 
in  other  cases  of  the  action  of  mass  has  been  placed  beyond  a  doubt 
by  the  researches  of  Bunsen  and  of  Debus. 

The  method  by  which  my  experiments  were  conducted  was  not 
sufficiently  exact  to  bring  out  these  numerical  results  with  the 
accuracy  desirable,  and  I  turned  my  attention  to  other  modes  of 
effecting  this  object.  The  plan  I  have  adopted  is  that  of  acting  upon 
weighed  quantities  of  the  peroxide  of  barium  with  solutions  of  metallic 
salts  of  known  strength. 

I  have  thrown  into  the  annexed  table  the  result  of  some  of  these 
experiments,  which  were  made  with  solutions  of  nitrate  of  silver.  The 
oxygen  was  measured  by  the  amount  of  silver  reduced,  which  was 
determined  as  chloride.  The  ordinates  measure  this  loss  of  oxygen, 
the  oxygen  in  the  peroxide  being  estimated  at  100.  In  the  series 
marked  a  and  b,  the  temperature  was  varied,  while  the  strength  of 
the  silver  solution  was  the  same,  the  quantity  of  which  taken  cor- 
responded to  two  equivalents  in  relation  to  the  oxygen  in  the  peroxide. 
The  variations  of  temperature  are  indicated  by  the  abscissa.  Different 
preparations  of  the  peroxide  of  barium  were  used  in  the  two  series  of 
experiments.  In  series  a,  assuming  the  oxygen  in  the  peroxide  as 
100,  the  oxygen  corresponding  to  the  silver  reduced  at  the  tempe- 
ratures 100°,  75°,  70°,  65°,  60°,  55°,  50°,  40°,  30°,  7°,  0°,  was 
39,  39,  40,  42,  45,  47,  50,  52,  52,  55,  65.  In  series  b,  the  oxygen 
corresponding  to  the  silver  reduced  at  the  temperature  100°,  70°, 
65°,  40°,  80°,  8°,  was  43,  44,  48,  60,  60,  67. 


Temperature    . .     100° 

Mass  50 

VOL.   VII. 


90"       80"       1ro« 
100       150       'ioa 

NO.  XXVUI. 


60' 
250 


50° 
3i0 


40O 
350 


30- 
400 


20"  10° 

450  500 

X 


0" 
550 


COi) 
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It  will  be  perceived  that  ia  each  of  these  series  of  experiments 
there  are  two  intervals  of  constant  action.  These  intervals  lie,  in 
both  cases,  between  1 00°  and  75°,  and  between  40°  and  30°.  The 
exact  length  and  position  of  these  intervals,  the  experiments  are  not 
sufficiently  numerous  to  determine.  This  indicates  the  existence  of  a 
law,  in  the  case  of  temperature,  analogous  to  the  law  of  mass. 

The  dotted  lines  give  the  result  of  three  series  of  experiments,  in 
which  the  temperature  and  the  strength  of  the  solution  were  constant, 
but  the  quantity  of  the  solution  employed  was  varied.  The  abscissa 
in  this  case  gives  the  amount  of  the  solution  taken,  as  measured  by 
the  oxygen  equivalent  to  the  amount  of  silver  contained  in  it.  Thus 
where  the  numbers  50,  100,  150,  appear  in  the  lower  line,  the  solu- 
tion employed  contained  J  an  equivalent,  1  equivalent,  and  IJ  equi- 
valents of  oxygen,  relative  to  the  amount  of  oxygen  in  the  peroxide  of 
barium.  The  experiments  indicated  by  the  line  c  were  made  at  100°  C. 
The  loss  of  oxygen  corresponding  to  the  quantities  50,  100,  150, 
200,  300,  and  400,  were  50,  50,  52,  53'5,  53-5,  53  5.  Here  again 
appear  two  constant  intervals  of  action,  namely  where  the  variation 
was  from  J  to  1  equivalent,  and  from  2  to  4  equivalents. 

The  line  d  relates  to  experiments  made  with  the  same  preparation 
of  peroxide  as  in  c,  and  with  the  same  solution,  but  at  a  temperature 
of  14°  to  15°  C.  The  loss  of  oxygen,  as  given  by  experiment,  corre- 
sponding to  the  quantities  of  solution  indicated  by  the  numbers  50, 
100,  150,  200,  250,  300,  350,  400,  50O,  and  600,  was  466,  68-2, 
73-4,  73-6,  72-8,  72-7,  72-3,  71  6,  72-0,  71-5.  The  mean  of  the  last 
eight  experiments  gives  72*7,  which  is  the  number  given  in  the  table. 
The  experiments  were  made  at  the  temperature  of  the  air.  The 
experiments  1,  2,  3,  4,  were  made  at  one  time,  the  experiments 
5,  6,  7,  8,  9,  10,  at  another.  The  slight  variation  which  these  latter 
numbers  present  is  probably  due  to  an  alteration  of  temperature. 
In  this  case  the  action  is  constant  after  the  quantity  has  been  increased 
beyond  1^  equivalents. 

The  experiments  e  were  made  at  a  temperature  of  about  8°  C, 
with  the  same  preparation  of  peroxide  as  in  the  last  series,  but  with 
a  solution  containing  half  the  quantity  of  nitrate  of  silver,  compared 
with  the  solutions  used  in  the  two  preceding  series.  The  amount  of 
oxygen  lost  corresponding  to  the  quantities  50,  lOO,  150,  200,  250, 
300,  350,  400,  was  48,  53,  65,  67,  68,  69,  70,  70.  In  this  case 
the  maximum  action  was  reached  when  3|^  equivalents  of  the  solution 
were  employed. 

There  is  yet  a  third  variable  besides  temperature  and  absolute 
mass,  which,  from  the  very  nature  of  the  experiment,  it  is  not  possible 
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to  render  constant.  The  action  varies,  not  only  with  the  absolute 
quantity  of  the  silver  solution  employed,  but  also  with  the  strength 
of  that  solution.  Now  the  amount  of  silver  in  the  solution,  from  the 
very  decomposition  which  takes  place,  must  change  at  every  moment 
of  the  experiment.  This  variation  has,  doubtless,  an  important 
influence  on  the  result;  and  although  it  cannot  be  entirely  eliminated, 
yet  it  is  obvious  that,  in  the  case  of  large  quantities  of  the  solution, 
the  relative  alteration  of  the  solution  is  much  less  than  with  small 
quantities,  and  it  is  probable,  that  after  that  point  where  the  action 
becomes  constant,  this  effect  is  so  small  as  not  to  be  perceptible. 
The  variations  exhibited  in  the  above  experiments  are  with  some  sub- 
stances much  greater  than  with  others,  and  in  certain  cases  do  not 
exist.  For  example,  a  solution  of  chloride  of  gold  gave  almost 
the  very  same  amount  of  reduced  gold,  whether  the  experiment  was 
made  at  100°,  or  at  the  temperature  of  the  air,  and  whether  the 
solution  were  concentrated,  or  diluted  with  many  times  its  bulk  of 
water.  The  reduced  gold  corresponded  to  a  loss  of  about  80  parts  of 
oxygen  from  the  solution  to  lOO  from  the  peroxide. 

In  a  recent  number  of  Liebig's  Annalen,  Professor  Wohler, 
who  does  not  seem  to  be  aware,  either  of  the  theoretical  views  which 
have  been  put  forward,  or  of  the  experiments  which  have  already 
been  made  upon  this  subject,  states  that  when  a  solution  of  peroxide 
of  hydrogen  in  hydrochloric  acid  is  acted  upon  by  peroxide  of 
manganese,  that  the  oxygen  evolved  is  exactly  twice  the  oxygen  due 
to  the  decomposition  of  the  peroxide  of  hydrogen  alone.  The  pro- 
bable cause  of  the  deviation  which,  in  any  case,  appears  from  this 
result,  is  the  simultaneous  decomposition  of  the  peroxide  of  hydrogen 
by  two  operations  which,  in  the  present  state  of  our  knowledge,  we 
must  regard  as  distinct, — namely,  by  the  chemical  action  of  the 
metallic  oxide,  and  by  that  action  which  is  termed  catalytic,  and 
which  is  produced  either  by  the  oxide  itself  or  by  the  reduced  metal 
which  is  formed.  On  the  nature  of  this  so-called  catalytic  action, 
or  on  the  propriety  of  this  term,  I  am  passing  no  opinion,  but  am 
simply  referring  to  a  fact.  In  the  experiment  with  iodine,  above 
alluded  to,  this  latter  operation  is  entirely  eliminated,  and  it  is  pos- 
sible that,  in  the  form  of  Professor  Wohler^ s  experiment,  the 
same  result  may  be  obtained.  In  the  numerous  experiments,  how- 
ever, which  I  have  , myself  made  upon  this  subject,  I  have  not 
absolutely  attained  this  result,  except  in  the  single  instance  referred 
to.  By  acting  upon  a  mixture  of  peroxide  of  lead  and  peroxide  of 
barium  with  dilute  acetic  acid,  I  have  obtained  a  loss  of  90  parts 
of  oxygen  from  the  peroxide  of  lead,  and  with   peroxide  of  nickel. 
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in  one  experiment,  a  yet  greater  loss  j  but  in  every  experiment  with 
similar  substances  there  was  a  certain  deficiency.  An  interesting 
case  of  the  reduction  of  peroxide  of  manganese  is  afforded  by  the 
mineral  pyrolusite.  In  four  experiments  with  this  substance,  made 
with  dilute  acetic  acid,  in  which  one  equivalent  of  peroxide  of  barium 
was  taken  respectively  to  4,  2,  1,  and  1  equivalents  of  the  pyrolusite, 
the  loss  of  oxygen  from  the  pyrolusite,  to  lOO  parts  of  oxygen  in  the 
peroxide  of  barium,  was  49'8,  48*9,  49'1,  50*9.  The  amount  of 
reduction,  on  the  other  hand,  exhibited  by  the  mineral  braunite,  was 
very  trifling :  the  action  of  this  substance  was  nearly  the  same  as  that 
of  platinum. 


XXVIII. — Analysis  of  a  Surface-soil  from  the  Desert  of  At  acama. 

By  Frederick  Field. 

On  the  confines  of  the  Desert  of  Atacama,  a  few  miles  to  the  east 
of  the  port  of  Caldeca,  in  the  north  of  the  republic  of  Chile,  the  soil 
for  many  leagues  round  has  a  perfectly  white  appearance,  exactly  as 
though  it  had  been  covered  by  a  recent  fall  of  snow.  On  investi- 
gation, it  appears  to  consist  of  a  white  crystalline  matter,  w^hich 
extends  to  the  depth  of  six  or  eight  inches  below  the  surface ;  and  on 
digging  one  or  two  feet  deeper,  large  quantities  of  water  are  dis- 
covered, highly  impregnated  with  saline  matter.  If  the  white  sub- 
stance be  carefully  scraped  away,  leaving  an  apparently  clean  surface 
of  sand  exposed  to  the  air,  crystals  gradually  form,  and  in  a  few  weeks 
the  spot  is  as  white  as  before.  The  following  is  the  composition  of 
the  substance  taken  from  many  parts  of  the  locality  above  mentioned, 
affording  a  pretty  correct  illustration  of  the  surface-soil  of  this  part  of 
the  desert  of  Atacama  : — 


grms.  gave : 

Soda 

. 

2717 

Sulphuric 

acid 

42-60 

Chlorine 

, 

.       9-63 

Lime 

, 

6-72 

Magnesia 

.       4-75 

Water      . 

, 

12-30 

with  traces  of  oxide  of  iron,  potash,  and  carbonic  acid. 
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Deducting  an  equivalent  of  sodium  for  the  formation  of  the  chloride, 
the  follovvinc:  numbers  are  obtained  : — 


Sulphate  of  soda     . 

.     41-77 

Sulphate  of  lime     . 

.     16-32 

Sulphate  of  magnesia 

.     13-75 

Chloride  of  sodium 

.     15-60 

Water   .... 

.     12-80 

99-74 
with  traces  of  oxide  of  iron,  and  carbonates  of  lime  and  soda. 

This  substance  is  perfectly  soluble  in  cold  water,  if  added  in 
sufficient  quantities,  and  digested  with  it  for  a  long  time ;  dilute 
hydrochloric  acid  dissolves  it  readily,  with  scarcely  perceptible  effer- 
vescence. It  is  slightly  alkaline  to  test-paper, — due,  probably,  to  a 
trace  of  carbonate  of  soda.  When  dissolved  in  water  at  100°  F.,  and 
allowed  to  cool,  it  deposits  large  crystals  of  sulphate  of  soda.  I  have 
sent  home  a  specimen  of  the  soil,  and  also  some  crystals  of  sulphate 
of  soda  produced  from  it  by  simple  solution  and  crystallisation.  One 
pound  of  the  soil  produces  more  than  its  own  weight  of  crystallised 
sulphate  of  soda. 

I  am  now  engaged  upon  an  investigation  of  the  subsoil,  taken  three 
feet  below  the  surface  of  the  desert. 

Note. — I  may  mention,  that  should  it  be  agreeable  to  the  Fellows  of  the  Society, 
I  intend  to  send  home  the.  results  of  some  investigations  of  soils,  minerals,  and  waters, 
found  in  the  Desert  of  Atacama.  The  mineral  waters,  especially  from  the  interior  of 
the  desert,  in  the  republic  of  Bolivia,  seem  to  me  to  possess  much  interest. 


XXIX. — On  some  of  the  Thermo-electric  Properties  of  the  Metals 
Zinc  and  Silver. 

By  Richard  Adie. 

A  zinc  and  silver  thermo-electric  couple  is  known  to  reverse  the 
direction  of  the  cujrrent  of  electricity  generated  by  heating  it,  when 
the  temperature  of  the  joint  is  raised  above  248°,  as  described  by  the 
late  Professor  Daniell  in  his  Introduction  to  Chemical  Philosophy, 
p.  468.  This  peculiar  property  I  have  made  the  subject  of  the 
following  experiments,  which  I  hope  may  prove   interesting,  for  they 
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show  how  completely   thermo-electrical    currents    are    governed    bv 
resistance  to  conduction  in  the  joints  of  the  couples. 

Experiment  I. — A  piece  of  zinc  wire  was  soldered  to  a  piece  of 
silver  by  pure  bismuth  for  a  solder^  and  the  joint  was  made  strong 
with  a  large  surface  of  bismuth  in  contact  with  the  metals.  On  heat- 
ing this  couple  by  dipping  the  joint  in  oil  raised  to  different  tem- 
peratures, the  reversal  of  the  current  alluded  to  above  was  observed ; 
for  temperatures  under  250^,  zinc  was  positive,  and  for  temperatures 
above  that  point,  silver  was  the  positive  element. 

Experiment  II. — The  same  zinc  and  silver  as  in  the  last  experi- 
ment, with  bismuth  surface  in  contact  with  the  metals,  made  as  small 
as  practicable.  The  heat  was  applied  by  dipping  the  joint  in  oil 
raised  to  various  temperatures  from  100^  to  360°,  and  in  all  the  silver 
was  the  positive  metal.  The  peculiar  property  of  the  reversal  of  the 
current,  as  the  temperature  passed  a  certain  point,  had  disappeared 
with  a  change  in  the  joint,  which  had  only  increased  its  resistance  to 
conduction. 

Experiment  III. — The  same  zinc  and  silver  couple  employed  with 
a  joint  formed  without  solder.  The  two  surfaces  of  the  metals  were 
cleaned,  and  bound  firmly  together  with  thread,  with  only  small 
portions  of  each  element  in  contact.  The  result  of  this  experiment 
was  the  same  as  No.  2  ;  the  silver  stood  positive  for  all  temperatures. 

Experiment  IV. — The  same  zinc  and  silver  were  joined  by  a 
bismuth  soldering,  so  as  to  form  a  continuous  straight  wire,  with  a 
bismuth  joint  in  it,  of  which  the  surface  in  contact  with  the  metals 
was  nearly  equal  to  the  section  of  the  wires.  When  heat  was  applied 
to  the  zinc  wire,  about  two-tenths  of  an  inch  from  the  joint,  silver 
was  positive  for  all  temperatures.  And  when  heat  was  applied  in  a 
similar  manner  to  the  silver  wire,  the  zinc  became  the  positive  metal 
for  all  temperatures.  In  this  experiment,  the  direction  of  the  floiv  of 
heat  across  the  joint  governed  that  of  the  thermo-electric  current 
generated-^  it  is  a  result  which  I  have  met  with  in  many  other 
thermo-electrical  couples  tested  in  like  manner. 

Experiment  V. — A  piece  of  zinc  wire  cut  in  two  halves  formed 
the  couple  for  this  experiment,  with  the  joint  formed  by  tying  them 
firmly  together ;  for  temperatures  under  300°,  this  arrangement 
showed  very  slight  thermo-electrical  effects ;  for  higher  temperatures 
more  decided  evidence  of  electrical  action  was  obtained,  but  the  direc- 
tion of  the  currents  generated  was  not  regular. 

Experiment  VI. — The  same  pieces  of  zinc  as  for  the  last  experi- 
ment. No.  5,  with  a  bismutli  joint,  formed  in  the  same  manner  as  for 
experiment  No.  4.     This  formed  a  delicate  thermo-electrical  couple. 
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When  the  right  side  of  the  joint  was  heated^  the  left  wire  was  positive ; 
and  when  the  left  side  was  heated,  the  right  became  positive  :  these 
effects  could  be  readily  shown  by  grasping  the  wires  in  the  fingers. 
A  similar  experiment  was  made  with  a  silver  wire  cut  in  two. 

Experiment  VII. — A  piece  of  silver  wire  and  a  bar  of  bismuth 
formed  the  couple  for  this  experiment.  It  may  be  premised  that 
bismuth  is  a  metal  strongly  positive  to  every  other,  and  that  the  object 
in  view  was  to  endeavour  to  exhibit  it  as  a  negative  element  For 
the  joint,  the  point  of  the  silver  wire  was  heated  in  sulphur  until  it 
was  thickly  coated  with  a  sulphide  of  silver,  and  the  sulphuretted 
portion  was  tied  firmly  down  to  the  bismuth.  On  heat  being  applied 
to  the  silver,  the  couple  did  not  become  active"^  till  the  temperature 
was  near  400°,  when  the  bismuth  showed  itself  the  positive  metal. 
On  heat  being  applied  to  the  bismuth  bar,  near  the  joint,  the  couple 
became  active  as  before,  at  a  high  temperature,  and  silver  stood  as  a 
positive  thermo-electric  element  to  bismuth.  The  experiment  was 
tried  with  a  thin  coat  of  sulphide  on  the  silver,  when  the  couple 
became  active  at  a  lower  temperature ;  but  bismuth  then  stood  positive 
to  silver  when  heat  was  applied  on  its  side,  as  well  as  when  heat  was 
given  on  the  silver  side. 

Experiments  like  these,  showing  the  direction  of  thermo-electrical 
currents  to  be  under  control,  can  be  multiplied  in  great  variety. 


XXX. —  On  the  Preparation  of  Met  hylic  Alcohol. 

By  William  Gould,  Student  of  University  College. 

Kane's  process  for  the  preparation  of  methylic  alcohol,  by  satu- 
rating crude  wood-spirit  with  chloride  of  calcium,  and  distilling  over 
the  water-bath,  generally  yields  but  a  small  quantity  of  the  pure 
product.  I  have  tried  it  with  various  qualities  of  commercial  wood- 
spirit,  and  in  most  cases  have  obtained  not  more  than  two  or  three 
ounces  of  pure  methylic  alcohol  from  a  gallon  of  the  crude  spirit. 
A  specimen  of  Parisian  wood-spirit  was  found  to  produce  the  greatest 
quantity  of  the  pure  alcohol ;  but  even  in  that  case  the  pure  product 
was  in  small  proportion  to  the  original  substance, — the  greater 
quantity  of  the  liquid  consisting  of  lignone,  acetone,  empyreumatic 
oils,  &c.  To  obtam  pure  lignone,  crude  wood-spirit  was  treated  with 
an  equal  quantity  of  a  saturated  aqueous  solution  of  chloride  of 
calcium,  whereupon  a  separation  of  empyreumatic  oils  took  place, 

*  A  delicate  galvanometer  showed  no  indication   of  the  passage  of  an  electrical 
current. 
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which  floated  to  the  surface,  in  quantity  equal  to  at  least  one-eighth  of 
the  bulk  of  the  original  substance.  This  was  separated,  the  lower 
stratum  treated  with  dry  chloride  of  calcium,  and  submitted  to  the 
process  of  upward  distillation,  dry  chloride  of  calcium  being  added  as 
long  as  any  continued  to  be  dissolved,  by  which  a  further  quantity  of 
the  oils  was  thrown  up  to  the  surface ;  the  solution  was  then  distilled, 
and  lignone  obtained,  which,  after  desiccation,  boiled  at  61°  to  66°. 

The  oils  separated  by  solution  of  chloride  of  calcium  were  treated 
with  a  solution  of  caustic  alkali,  which  gave  rise  to  a  strong  action, 
and  evolved  great  heat.  The  resulting  liquid  was  found  to  contain 
methylic  alcohol,  lignone,  acetic  acid,  and  some  resinous  substance. 

When  crude  wood-spirit  is  treated  with  an  equal  volume  of  a 
strong  solution  of  caustic  potash  or  soda,  a  tolerably  strong  action 
takes  place,  accompanied  by  a  rise  of  temperature,  and  formation  of 
a  homogeneous  solution;  on  distillation  the  residue  is  found  to 
consist  of  acetate  of  soda,  with  a  small  quantity  of  resinous  matter : 
it  yields  a  very  large  quantity  of  acetic  acid. 

The  distillate  was  desiccated  by  carbonate  of  potash,  saturated  with 
dry  chloride  of  calcium,  and  distilled  at  100°  C.  The  resulting 
compound  of  methylic  alcohol  and  chloride  of  calcium  was  decom- 
posed by  water  in  the  usual  manner,  and  the  methylic  alcohol  thus 
obtained  was  dehydrated  by  distilhng  over  quick-lime.  The  product 
was  in  very  much  larger  quantities  than  that  which  is  obtained  without 
the  use  of  caustic  alkali. 

The  liquid  distilled  off  from  the  methylated  chloride  of  calcium  was 
treated  with  a  solution  of  caustic  potash,  which  separated  some  oils 
mixed  with  acetone,  and  a  small  quantity  of  methylic  alcohol.  In 
the  first  treatment  by  caustic  alkali,  the  oils  and  acetone  had  been 
held  in  solution  by  the  greater  quantity  of  methylic  alcohol  then 
present.  The  potash  solution  was  distilled,  and  the  distillate,  after 
desiccation,  separated  by  dry  chloride  of  calcium  into  niethylic  alcohol 
and  pure  acetone,  the  latter  being  soluble  in  water,  from  which  it  was 
again  separated  by  chloride  of  calcium  or  potash. 

The  oils  and  acetone  were  separated  by  mixing  with  water,  which 
dissolved  the  acetone,  the  oils  separating  out  and  floating  to  the 
surface.  The  acetone  was  precipitated  from  its  aqueous  solution  by 
potash,  and  thereby  separated  from  a  small  quantity  of  methylic 
alcohol  which  had  dissolved  in  it. 

Methylic  alcohol  and  acetic  acid  are  the  principal  substances  con- 
tained in  crude  wood-spirit,  acetone  and  oils  being  also  found  in 
comparatively  small  quantities. 
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November  6,  1854. 
Professor  Graham,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :'^  for  July,  August,  September,  and  October, 
from  the  Publishers. 

'^The  Journal  of  the  Society  of  Arts  :^^  for  July,  August,  September, 
and  October,  from  the  Society. 

"  The  Journal  of  the  Photographic  Society  :^'  for  July,  August, 
September,  and  October,  from  the  Society. 

"  The  Pharmaceutical  Journal  :^'  for  July,  August,  September,  and 
October,  from  the  Editor. 

"  The  Quarterly  Journal  of  the  Geological  Society:"  from  the  Society. 

"  Sitzungsberichte  der  kaiserlichen  Akademie  der  Wissenschaften 
in  Wien." 

"Berichte  iiber  die  Verhandlungen  der  naturforschenden  Gesell- 
schaft  in  Basel." 

The  following  gentlemen  were  duly  elected  Fellows  of  the  Society  : — 

Robert  Mortimer  Glover,  M.D.,  F.R.S.E.,  Royal  Free  Hospital, 
Gray^s  Inn  Lane. 

James  Taylor,  Esq.,  5,  Burchfield  Terrace,  East  India  Road. 

Newton  Samuelson,  Esq.,  il.  Temple  Court,  Liverpool. 

Henry  M.  Noad,  Ph.D.,  Bark  Place,  Bayswater. 

Robert  Hunt,  Jun..  Esq.,  Government  School  of  Mines,  Sydney. 

Isaac  Newton  Loomis,  M.D.,  of  Macon,  in  the  Slate  of 
Georgia,  U.S. 
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The  following  gentlemen  were  duly  elected  Associates  of  the 
Society  : — 

Mr.  Henry  Buff,  St.  Bartholomew's  Hospital. 
Mr.  Richard  Tuson,  St.  Bartholomew's  Hospital. 

A  paper  was  read  : — 

"  Oq  the  Analysis  of  a  Surface-soil  from  the  Desert  of  Atacama  :" 
by  Frederick  Field. 

At  the  request  of  the  Chairman,  Dr.  Williamson  brought  under 
the  notice  of  the  meeting  a  communication,  ''  On  some  new  Derivatives 
of  Chloroform/'  by  Mr.  George  Kay,  a  Student  in  University 
College,  which  had  been  published  in  the  "  Journal  of  the  Chemical 
Society"  during  the  recess;  and  Dr.  Gilbert  stated  the  result  of  an 
investigation  by  Mr.  Lawes  and  himself,  of  the  quantities  of  ammonia 
and  nitric  acid  in  rain-water. 


November  20,  1854. 
Dr.  Williamson,  Vice-President,  in  the  Chair. 

Mr.  James  Taylor  was  introduced,  and  admitted  a  Fellow  of  the 
Society. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

''^The  Journal  of  the  Franklin  Institute:"  from  the  Institute. 

''  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester  :" 
vol.  ii.,  from  the  Society. 

"  Seventeenth  Annual  Report  of  the  Council  of  the  Art-Union  of 
London  :"  from  the  Art-Union. 

"  Comparative  Statement  of  the  different  plans  of  Decimal  Ac- 
counts and  Coinage;  by  T.  W.  Rathbone,  Esq.  :"  from  the  Author. 

"  Sur  I'Electricite  des  Nuages  orageux,  par  M.  Quetelet :"  from 
the  Author. 

"Jahrbuch  der  kaiserlich-koniglichen  geologischen  Reichsanstalt, 
Wien." 

Mr.  Griffin  made  a  verbal  communication  on  some  points  re- 
lating to  chemical  notation,  and  expressed  his  intention  of  bringing 
the  subject  more  formally  before  the  Society  on  a  future  occasion. 
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December  4,  1854. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced:  — 

''  Specimen  of  Surface-soil  from  the  Desert  of  Atacama  -.''  from 
Mr.  F.  Field. 

"  Specimen  of  Malachite  (Australian)  -.''  from  Mr.  G.  Whipple. 

*^The  Quarterly  Journal  of  the  Geological  Society:"  from  the 
Society. 

"  Silliman^s  American  Journal:"  from  the  Editors. 

"  A  Lecture  on  the  Importance  of  the  Study  of  Chemistry  as  a 
Branch  of  Education/^  delivered  at  the  Royal  Institution,  by  Dr. 
Daubeny  :  from  the  Author. 

"  The  Journal  of  the  Society  of  xirts  :"  from  the  Society. 

'^  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

A  paper  was  read  : — 

"On  the  preparation  of  pure  Pyroxylic  Spirit,  by  William  Gould  :" 
communicated  by  Dr.  Williamson. 


December  18,  1854. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  Proceedings  of  the  Literary  and  Philosophical  Society  of  Liver- 
pool during  the  Forty-third  Session,  1853 — 54  :"  from  the  Society. 
"  The  Literary  Gazette :"  from  the  Publishers. 
"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

The  following  gentlemen  were  duly  elected  Fellows  of  the  Society  : — 

Fletcher  Norton,  Esq.,  5,  Stanhope  Street. 
Charles  Loudon  Bloxam,  Esq.,  King's  College. 
Charles  W.  Heaton,  Esq.,  Lime  Street. 
John  S.  Abel,  Esq.,  Coquimbo,  Chdi. 

The  following  papers  were  read: — 

"  On  the  Produce  obtained  from  Barley  sown  in  Rocks  of  various 
ages:''  by  Charles  Daubeny,  M.D.,  F.R.S.,  F.C.S. 

"  Notice  of  further  Experiments  as  to  the  Reduction  of  Metallic 
Oxides  by  the  Peroxide  of  Barium  :''  by  B.  C.  Brodic,  F.R.S. 
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A. 

Acetone. — Researches  on  Acetone:  by  G.  Stddeler.     Ann.  Ch.  Phys.  [3]  xlii. 
227  ;  J.  pr.  Chem.  Ixii.  115. 

On  the  theory  of  acetone  :  by  G.  Chancel.     J.  pr.  Chem.  Ixii.  320. 

On  the  action  of  hydrochloric  acid  on  a  mixture  of  acetone  and  alcohol : 

by  James  Spencer.     Chem.  Soc.  Qu.  J.  vii.  247. 
Acid,  Acetic. — Preparation  of  pure  acetic  acid  on  the  large  scale,  from  the 

distillation-products  of  wood :  by  R.  v.  Reichenbach.   Pharm.  J.  Trans. 

xiii.  433. 
Volumetric   determination   of  the  strength  of  acetic   acid.     Pharm.  J. 

Trans,  xiii.  405. 

On  a  method  of  analysis  applicable  to  the  quantitative  estimation  of 

nitric  and  acetic  acids:  by  /.  H.  Gladstone.     Chem.  Gaz.  1854,  398. 

Estimation  of  acetic  acid  :  by  C  G.  Williams.     Pharm.  J.  Trans,  xiii.  594. 

Acid,  Aconitic. — On  the  occurrence  of  aconitic  acid  in  Delphinium  Consolida: 

hy  W.  Wicke.     Ann.   Ch.   Pharm.   xc.  98;    J.  Pharm.  [3]  xxvi.  79  ; 

Chem.  Gaz.  1854,  388 ;  Pharm.  J.  Trans,  xiv.  278. 
Acid,  Angelicic. — On  angelicic  and  cinnamic  acid:    by  L.  Chiozza:     Ann, 

Ch.  Phys.  [3]  xxxix.  435  ;  J.  pr.  Chem.  Ixi.  231. 
Acid,  Anisamic. — On  anisamic  acid  :  by  N.  Zinin.     Bull,  de  St.  Petersb.  CI. 

Phys.-math.  xii.  236;  Chem.  Gaz.  1854,  250. 
Acid,  Anthranilic. — On   anthrauilic,   benzamic,  and  carbanilic  acids:   by 

IF.  B.  Gerland.     Chem.  Gaz.  1854,  61. 
Acid,  Arachinic. — On  arachinic  acid:  by  Dr.  Gossmann.     Ann.  Ch.  Pharm. 

Ixxxix.  I. 
Acid,  Benzamic. — On  benzamic  acid:  by  W.  B.  Gerland.     Ann.  Ch.  Pharm. 

xci.  185. 
Acid,  Benzogly colic. — New  method  of  preparing  benzoglycolic  acid:    by 

A.  Gossmann.     Ann.  Ch.  Pharm.  xc.  181 ,  Chem.  Gaz.  1854,  310. 
Acid,  Benzoic. — On  the  alcohol  corresponding  to  benzoic  acid:  hy  iS.  Can- 

nizzaro.     Ann.  Ch.  Pharm.  Ixxxviii.  129. 
An  attempt  to  obtain  the  acids  homologous  with  benzoic  acid  from  the 

corresponding  hydrocarbons;  by  James  Spencer,     Chem.  Soc.  Qu.  J. 

vii.  245. 
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Acid,  Boracic. — On  some  little-known  reactions  of  boraoic  acid  and  the 
borates  :  by  Ch.  Tessier.  Compt.  rend,  xxxix.  192. ;  Cliem.  Gaz.  1854, 
358 ;  J  pr.  Chem.  Ixiii.  7. 

On  the  production  of  boracic  acid  and  ammonia  by  volcanic  action:  by 

R.  Warington.     Chem.  Gaz.  1854,  419;  Pharm.  J.  Trans,  xiv.  284. 

On  the  compounds  of  boracic  acid  and  water  with  alumina :  by  H.  Rose. 

Pogg.  Ann.  xci.  452 ;  Chem.  Gaz.  1854,  210 ;  J.  pr.  Chem.  Ixii.  32. 

Influence  of  boracic  acid  upon  solution.     Pharm.  J.  Trans,  xiv.  231. 

Acid,  Capric. — Occurrence  of  capric  acid  in  potato  fuseh  oil:  hj  S  W.Johnston. 

J.  pr.  Chem.  Ixii.  202. 

Acid,  Carbazotic. — On  the  physiological  properties  of  carbazotic  acid :  by 
F.  C.  Calvert.     Pharm.  J.  Trans,  xiv.  232. 

Acid,  Carbonic. — Action  of  carbonic  acid  on  quinine  and  cinchonine ;  for- 
mation of  crystallised  carbonate  of  quinine  :  by  M.  Langlois.  Ann. 
Ch.  Phys.  [3]  xli.  89 ;  J.  Pharm.  [3]  xxvi.  132. 

On  the  use  of  hydrogen  gas  and  carbonic  acid  gas  to  displace  sulphuretted 

hydrogen  in  the  analysis  of  mineral  waters  :  by  W.  B.  Rodgers  and 
R.  E.  Rodgers.     Sill.  Am.  J.  [2]  xviii.  213 ;  Chem.  Gaz.  1854,410. 

On  an  apparatus  for  estimating  carbonic  acid  :  by  S.  de  Luca.   J.  Pharm. 

[3]  xxiv.  398  ;  xxv.  32. 

Modification  of  the  apparatus  for  the  estimation  of  carbonic  acid.    J.  pr. 

Chem.  Ixi.  99. 
Acid,  Cinnamic. — On  angelicic  and  cinnamic  acids  :    hj  L.  Chiozza.     J.  pr. 
Chem.  Ixi.  231. 

On  angelicic  and  cinnamic  acids :    by  L.    Chiozza.     Ann.  Ch.  Phys.  [3] 

xxxix.  435. 
Acid,  Citric. — Substitutes  for  citric  and  tartaric  acids  and  their  salts,  in  dyeing. 
Pharm.  J.  Trans,  xiv.  68, 

On  the  improved  manufacture  of  citric  and  tartaric  acids,  alone,  or  con- 

jointly with  the  manufacture  of  bitartrate  of  potash,  tartrate  of  soda 
and  potash,  nitrate  of  potash,  binoxalate  of  potash,  carbonate  of  soda, 
carbonate  of  potash,  and  certain  citrates  and  tartrates  {continued). 
Pharm.  J.  Trans,  xiii.  313,  370. 

On  the  action  of  citric,  tartaric,  and  oxalic  acids  on  cotton  and  flax 

fibres  under  the  influence  of  dry  heat  and  pressure  of  steam:  by 

i\  a  Calveri.     Chem.  Gaz,  1854,  440. 
Acid,  Ferricyanic. — On  some  compounds  of  ferricyanic  acid  with  ethyl:  by 

H.  L.  Buff.     Ann.  Ch.  Pharm.  xci.  253. 
Acid,  Formic. — On  the  presence  of  formic  acid  in  the  human  secretions  :  by 

D.  Campbell.     Chem.  Gaz.  1854,  52. 
Acid,  Gallic. — On  the  molecular  constitution  of  tannin  and  of  gallic  acid:  by 

U.  Robiquet.     J.  Pharm,  [3]  xxvi.  29  ;  Pharm.  J.  Trans,  xiv.  182. 

On  the  action  of  gallic  and  tannic  acids  on  iron  and  alumina  mordaunts  : 

by  F.  C.  Calveri.     Chem.  Gaz.  1854,  440. 
Acid,  Hippuric. — Presence  of  hippuric  acid  in  the  scales  of  ichthyosis:  by 
/.  Schlossberger.     Ann.  Ch.  Pharm.  xc.  378 ;  J.  Pharm.  [3]  xxvi.  397  ; 
J.  pr.  Chem.  Ixiii.  58, 

On  the  formation  of  nitride  of  benzoyl  from  hippuric  acid  :  by  i)r.  Limpricht 

and  von  Uslar.  Ann.  Ch,  Pharm.  Ixxxviii.  133;  Chem.  Soc.  Qu.  J. 
vii.  191 ;  J.  pr.  Chem.  Ixi.  511 ;  J.  Pharm.  [3]  xxvi.  72. 
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Acid,  Hydriodic. — Action  of  hydriodic  acid  upon  glycerine:  \>^ Berthelot  and 

Be  Luca.     Compt.  rend  xxxix.  748. 
Acid,  Hydrochloric. — On  the  decomposition  of  sulphate  and  phosphate  of 

lime  by  hydrochloric  acid  :  by  Cari-Mantrand.      Oompt.  rend,  xxxviii. 

864;  Chem.  Gaz.  1854,  265. 

On  hydrochloric  acid  as  a  test  for  lead  in  English  sulphuric  acid :  by 

P.  Bolley.     Ann.  Ch.  Pharm.  xci.  113. 
Acid,  Hydrocyanic. — Spontaneous   generation  of   hydrocyanic  Mi-id    in   a 
medicinal  compound  :  by  /.  T.  Plumber.     Phann.  J.  Trans,  x.vii.  633. 

On  a  new  body  produced  from  aldehyde  ammonia  and  hydrocianic  acid  : 

by  A.  Strecker.     Ann.  Ch.  Pharm.  xci.  840. 

Detection  of  hydrocianic  acid  in  a  human  body  three  weeks  after  death  : 

by  M.  Brame.     Compt.  rend,  xxxix.  908. 

Acid,  lodopyromeconic. — On  a  general  method  of  substituting  iodine  for 
hydrogen  in  organic  compounds,  and  on  the  properties  of  iodopyro- 
mecotuc  acid  :  by  /.  F.  Brown.     Ed.  Phil,  Trans.  ;  Phil.  Mag. 

[4]viii.  201. 

Acid,  Lactic. — On  some  new  compounds  of  lactic  acid:  by  A.  Strecker. 
Ann.  Ch.  Pharm.  xci.  352. 

Acid,  M  argar  ic. — On  margaric  acid  in  the  fat  of  cantharides :  by  A.  Gussmann. 
Ann.  Ch.  Pharm.  Ixxxix.  123. 

Acid,  Molybdic. — See  Molybdenum. 

Acid,  Niobic. — See  Niobium. 

Acid,  Nitric. — On  a  method  of  analysis  applicable  to  the  quantitative  estima- 
tion of  nitric  and  acetic  acids:  by  /.  H.  Gladstone.  Chera  Gaz.  1854, 
398. 

On  the  amounts  of  and  methods  of  estimating  ammonia  and  nitric  acid 

in  rain-water:  by  /.  B.  Lawes  and  J.  H.  Gilbert.     Chem.  Gaz.  1854, 
415. 

On  the  estimation  of  nitric  acid  accompanied  by  animal  matter,  applica- 

tion to  tobacco :  by  Th.  Schoesing.   Ann.  Ch.  Phys.  [3]  xl.  479  ;  Compt. 
rend,  xxxvii.  858. 

On  a  new  method  of  estimating  nitric  acid,  either  alone  or  accompanied 

by  azotised  organic  matters  other  than  ammonia :    by  M.  Martin. 
Compt.  rend,  xxxvii.  947. 

On  the  substitution- compounds  obtained  by  the  action  of  nitric  acid  on 

cotton  :  by  E.  A.  Uadow.     Chem.  Soc.  Qu.  J.  vii.  201. 

On  the  preparation  of  fuming  nitric  acid :  by  C.  Bnimier.     Chem.  Gaz. 

1854,  240  ;  J.  pr.  Chem.  Ixii.  384. 

Iodine  in  crude  nitric  acid.     J.  pr.  Chem.  Ixii.  502. 

Action  of  the  solar  rays  on  a  mixture  of  nitric  acid  and  sulphide  of 

carbon  :  by  M.  Tiffereau.     Compt.  rend,  xxxix.  692. 

Action   of  nitric  acid  on  the  chlorides  of  potassium  and  sodium  :  by 

/.  L.  Smith.     Chem.  Gaz.  1854,  12. 
Acid,  Nitropicric. — On   the   action  of  bromine    on  nitropicric   acid:    by 

/.  Stenhouse.     Phil.  Mag.  [4]  viii.  36. 
Acid,  Nitrotartaric  Acid.— Researches  on  the  derivatives  of  nitrotartaric 

acid  :  by  M.  Desmignes.     Compt.  rend,  xxxviii.  44 ;  Ann.  Ch.  Pharm. 

Ixxxix.  "3:39. 
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Acid,  Nitrotoluylic. — On  some  of  the  products  of  the  decomposition  of 
nitrotoluylic  acid:  by  //.  M.  Noad.  Phil.  Trans,  1854,  i.  43;  Phil. 
Mag.  [4]  vii.  142;  Cham.  Gaz.  1854,  34. 

Acid,  Oxalic. — Crystallochemical  monograph  on  oxalic  acid  and  its  salts:  by 
C.  Rammelsberg.     (Part  1.)     Pogg.  Ann.  xciii.  24. 

On  the  compounds  of  oxalic  acid  with  the  oxides  of  tin,  &c.  :  by  S.  Baus- 

mann  and  J.  Lowenthal.     Ann.  Ch.  Pharm.  Ixxxix.  104;  J.  Pharm.  [3] 
xxv.  234. 

Action  of  oxalic  acid  on  the  nitrates  and  chlorides  of  potassium  and 

sodium,  with  a  ready  method  of  converting  them  into  carbonates  :  by 

/.  L.  Smith.     Chem.  Gaz.  1854,  12  ;  Sill.  Am.  J.  [2]  xvi.  373. 
Acid,  Phosphoric. — On  the  supposed  volatilisation  of  phosphoric  acid  :  by 

R.  Fresenius.     Chem.  Gaz.  1854,  74. 
Acid,  Phosphorous. — On  some  new  compounds  of  phosphorous  acid:  by 

R.Bailton.     Chem.  Soc.  Qu.  J.  vii.  216. 
Acid,  Picric. — On  two  new  derivatives  of  picric  acid :  by  M.  Pisani.     Com]>t. 

rend,  xxxix.  852;  Chem.  Gaz.  1854,  471. 

On  the  action  of  bromine  on  picric  acid:   by/.  Stenhouse.     Ann.  Ch. 

Pharm.  xci.  307. 
Acid,  Propionic. — On  a  new    mode    of  formation  of  propionic  acid:    by 

A.  Strecker.     Compt.  rend,  xxxix.  56  ;    Chem.  Soc.  Qu.  J.   vii.  270  ; 

Chem.  Gaz.  J  854,  309. 
Acid,  Pyromucic. — Preparation  of  pyromucic  acid ;    by  M.  Arppe.     Chem. 

Gaz.  1854,  176. 
Acid,  Pyrotartaric. — On  the  amides  of  pyrotartaric  acid  :  by  A.  Biffi.    Ann. 

Ch.  Pharm.  xci.  105. 
On  the  anilides  of  pyrotartaric  acid :  by  A.  F.  Arppe.     Ann.  Ch.  Pharm. 

xc.  138. 
Acid,  Sebacic. — On  a  probably  new  mode  of  formation  of  sebacic  acid:  by 

M.  Wagner.    J.  pr.  Chem.  vii.  435  ;  Ann.  Ch.  Phys.  [3]  xxxix.  494. 
Acid,  Spirseous. — On  a  new  source  of  spirseous  acid:  by  W.  JFicke.    Ann. 

Ch.  Pharm.  xci.  374. 
Acid,  Stearic. — On  the  composition  of  stearic  acid :  hj  L.  Pebal.     Ann,  Ch. 

Pharm.  xci.  138. 
Acid,  Sulphopurpuric. — On  the  use  of  sulphopurpuric  acid,  or  redsulfhate 

of  indigo,  in  the  dyeing  of  worsted  and  silk  :  by  E.  Haeffely.     Chem. 

Gaz.  1854,  79;  J.  Pharm.  [3"  xxvi.  58. 
Acid,  Sulphuric. — On  the  decomposition  of  sulphuric  acid  by  pentachloride 

of  phosphorus :  by  ^.  W.  Williamson.      Proc.  Roy.  Soc.  vii.  11;  Chem. 

Gaz.  1854,   189;  Chem.  Soc.  Qu.  J.  vii.  180;    Ann.  Ch.  Phys.  [3] 

xli.  489 ;  Phil.  Mag.  [4]  vii.  365. 

On  the  occurrence  of  ozone  and  peroxide  of  hydrogen  in  the  electrolysis 

of  sulphuric  acid  :  by  H.  Meidinger.     Chem.  Soc.  Qu.  J.  vii.  251. 

Volumetric  determination  of  combined  sulphuric  acid  by  the  alkalimetric 

method:  by  Carl  Mohr.     Ann.  Ch.  Pharm.  xc.  165. 

On  the  puiification  of  sulphuric  acid  from  nitric,  nitrous,  and  arsenious 

acids:  by  /.  Lowe      Chem.  Gaz   1854,  464. 

Purification  of  sulphuric  acid.     J.  pr.  Chem.  Ixii.  502. 

On  hydrochloric  acid  as  a  test  for  lead  in  English  sulphuric  acid :  by 

P.  Bolley.     Ann.  Ch.  Pharm.  xci.  1 1 3. 
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Acid,  Sulphurous. — On  a  very  delicate  test  for  certain  reducing  agents,  such 

as  protochloride  of  tin,  sulphurous  acid,  &c. :  by  31.  Lowenthal.    J.  pr. 

Chem.  Ix.  267 ;  J.  Pharm.  [3]  xxv.  79. 
Acid,  Tannic. — Investigation   of  tannic  acid:    by  J.  Slrecker.     Ann.    Ch. 

Pharm.  xc.  328 ;    abstr.  Compt.  rend,  xxxix.  49  ;    Chem.  Soc.  Qu.  J. 

vii.  271;    Phil.  Mag.  [4]  viii.  157;  Chem.  Gaz.  1854,  370;  Ann.  Cb. 

Phys.  [3]  xliii.  231. 

On  the   occurrence  of  tannic  acids  in   woody   plants,  and  their  con- 

nection with  the  formation  of  wood :    by  Pettenkofer.     Chem.  Gaz. 
1854,  369. 

On  the  action  of  gallic  and  tannic  acids  on  iron  and  alumina  mordaunts : 

by  F.  a  Calvert.     Chem.  Gaz.  1854,  442. 
Acid,  Tantalic. — See  Tantalum. 
Acid,  Tartaric— On  the  products  of  the  distillation  of  tartaric  acid:   by 

a  VdlcM.     Ann.  Ch.  Pharm.  Ixxxix.  57  ;  Chem.  Gaz.  1854,  231. 

Substitute  for  tartaric   and    citric   acids,  and   their  salts,    in    dyeing: 

Pharm.  J.  Trans,  xiv.  68. 

On  substitutes  for  tartaric  acid  in  dyeing:    by  Prof.  Bolley.     Schwez. 

Gewerbeblatt.  1854,  65  ;  Chem.  Gaz.  1854,  453. 
Acid,  Tungstic. — See  Tungsten. 
Acid,  Uric. — On  the  preparation  of  uric  acid:    by  E.  Arppe.     Chem.  Gaz. 

1854,  153. 
Acid,    Valerianic— Preparation    of    valerianic    acid    from    fusel  oil:    by 

Qrunenherg.     J.  pr.  Chem.  Ix.  169  ;  Sill.  Am.  J.  [2]  xvii.  124. 

On  the  preparation  of  the  aldehyde  of  valerianic  acid,  and  on  some  of 

its  compounds:  by  jR.  Parkinson.     Ann.  Ch.  Phaim.  xc.  114. 
Acids. — On  the  constitution  of  acids  and  salts:  by  W.  Odling.     Chem.  Soc. 
Qu.  J.  vii.  1. 

Critical  observations  on  Williamson's  theory  of  water,  ethers,  and  acids: 

by    H.   Kolbe.      Ann.    Ch.    Pharm.    xc.   46 ;    Chem.   Soc.    Qu.    J. 
vii.  109. 

On  the  theory  of  water,  ethers,  and  acids :  by  C.  Gerhardt.    Ann.  Ch. 

Pharm.  xci.  198. 

On  a  new  series  of  sulphuretted  acids :  by  A.  Kekule.     Proc.  Roy.  Soc 
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IN    BRITISH    AND    FOREIGN   JOURNALS.  321 

J^sculine. — On  aesculiiie:    by  F.  Rochleder  and  R.  Schwartz.     Chem.  Gaz. 
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Wrightson.     Ann.  Ch.  Pharm.  xc.  36. 
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process  to  the  determination  of  the  strength  of  acetic  acid.     Pharm. 

J,  Trans,  xiii.  405. 
•  On  a  new  method  of  alkalimetry  :  by  J.  P.  Price.     Phil.  Mag.  [4]  viii. 
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Amarine. — On  the  formation  of  amarine,  furfurine,  and  a  new  organic  base, 
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analytical  operations:  by  P.  Bolley.     Ann.  Ch.  Pharm.  xci.  115. 
— —  Memoir  on  the  form  and  composition  of  the  carbonates  of  ammonia :  by 
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on  the  use  of  this  gas  in  experimental  laboratories  :  by  C.  Wetherill. 
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charcoal   in   agriculture:    by    A.   Bobierre.      Ann.    Ch.    Phys.    [8] 
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antimony;  with  some  remarks  on  the  decomposition  of  water  by  the 

alloys  of  these  metals  ;  by  /.  P.  Cooke.     Sill.  Am,  J.  [2]  xviii.  229. 
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H.  Struve.     J.  pr.  Chem.  Iviii.  493 ;  Chem.  Gaz.  1854,  156. 
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of  Mont-Dore,  Saint-Nectaire,  Bourboule,  and  Royat :  by  M.  Thenard 
Compt.  rend,  xxxix.  763. 
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Arsenic, — On  certain  compounds  of  arsenious  acid  with  iodide  of  potassium 

by  E.  Harms.     Ann.  Ch.  Pharm.  xci.  372. 
The  impregnation  of  marshes  with  arsenic  as  a  means  of  destroying  the 
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Ashes. — Analysis  of  the  ashes  of  Ajuga  reptans  grown  on  various  soils:  by 

C.  Rot/ie.     Ann.  Ch.  Pharm.  xc.  255  ;  J.  pr.  Chem.  Ixiii.  56. 

-  On  the  composition  of   the  ashes  of  potato-tubers :  by  Moser.    Wien. 
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Compt.  rend,  xxxviii.  1055. 

B. 

Barium.— Notice  of  further  experiments  as  to  the  reduction  of  metallic  oxides 
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cation of  winter  wheat  and  summer  barley :  by  the  Prince  of  Salm- 
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— —  Detection  of  manganese  in  the  blood :  by  M.  Glenard.    J.  Phann.  [3] 
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R.  Fresenius.     Pharm.  J.  Trans,  xiii.  435. 
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substance:  by  J .  Schlossberger.     Ann.  Ch.  Pharm.  xc.  381;    J,  pr. 

Chem.  Ixiii.  59. 
Bran. — Researches  on  flour  and  bran:   by  A.  Frapoli.     Ann.  Ch.  Pharm. 

xci.  107. 
Note  on  the  digestive  principle  of  wheat-bran  :  by  M.  Mouries.    Compt. 

rend,  xxxviii.  505. 
B  re  ad.— Method  of  improving  and  deacidising  rye  bread  :  by  J.  Liebig.    Ann. 

Ch.  Pharm.  xci.  244. 

New  process  for  the  manufacture  of  bread.     Pharm.  J.  Trans,  xiii.  602. 
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On  bromocarburetted  hydrogen,  and  on  the  extraction  of  bromine  from 

the  Schonbeck  salt-springs:  by  M.  Hermann.      J.  pr.  Chem.  Ix.  284; 

J.  Pharm.  [3]  xxv.  76;  Pharm.  J.  Trans,  xiii.  684. 

Decomposition  of  hydrobromic  ether  by  potash   and  alcohol :    by  Ber- 

thelot.    J.  Pharm.  [3]  xxvi.  25. 
— —  On  the  action  of  bromine  on  nitropicric  acid :    by  J,  Stenhouse.     Phil. 

Mag.  [4]  viii.  36. 
-, On  the  action  of  bromine  on  picric  acid:  by  J.  Stenhouse.     Ann.  Ch. 

Pharm.  xci.  307. 
On  the  estimation  of  free   bromine  in  presence   of   hydrobromic  and 

hydrochloric  acids :  by  C.  G.  Williams.     Chem.  Gaz.  1854,  432, 
Bronze.— On  the   alteration  of  bronze  used  for  the  sheathing  of  ships:  by 

M.  Bohierre.     Compt.  rend,  xxxviii.  122. 
Broth. — New  broth  for  invalids  :  by  J.  Liebig.     Ann.  Ch.  Pharm.  xci.  244, 
Brucine. — On  the  decomposition  of  brucine  by  nitric  acid :  hy  A.  Strecker, 

Ann,  Ch.  Pharm.  xci.  76  ;  abstr.  Compt.  rend,  xxxix.  52 ;  Chem.  Soc. 

Qu.  J.  vii.  273;  Chem.  Gaz.  1854,  304;  Ann.  Ch.  Phys.  [3]  xiii.  366. 
Butter. — On  the  composition  of  butter  from  cows' milk :  by  W.Heintz.    J. 

pr.  Chem.  Ix.  301 ;  J.  Pharm.  [3]  xxv.  71. 

Method  of  examining  butter:  by  L.  v.  Babo.     Chem.  Gaz.  1854,  99. 

Means  of  removing  the  rancidity  of  butter.     Pharm.  J.  Trans,  xiii.  343. 

Butyl.—On  butylic  alcohol:  by  A.  Wurtz.    Ann.  Ch.  Phys.  [3]  xiii.  129; 

Compt,  rend,  xxxix.  335. 
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Cadmium. — On  some  compounds  of  cadmium:  hj  E.  Schdler.     Cliem.  Gaz. 

1854,  G5. 
Detection  of  cadmium  in  oxide  of  zinc  :  by  M.  Barreswil.      J.  Pharm.  [3] 

xxvi.  196. 
Calculi.— On  the  disintegration  of  urinary  calculi  by  the  lateral  disruptive 
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On  the  dissolution  of  urinary  calculi  in  dilute  saline  fluids  at  the  tem- 
perature of  the  body  by  the  aid  of  electricity :    by  H,  Bence  Jones. 
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Calomel. — Preparation  of  calomel  in  the  humid  way.     Ann.  Ch.  Pharm.  xc 

124;  Chem.Gaz.  1854,  269;  J.  Pharm.  [3]  xxvi.  79. 
Canchalagua. — Memoir  on  canchalagua:    by  F.  Laboeuf.      J.  Pharm.  [3] 

XXV.  434. 
Cannabis.— Preparations  from  Cannabis  sativa  in  India.     Pharm.  J.  Trans. 

xiv.  165. 
Cantharides. — On  margaric  acid  in  the  fat  of  cantharides:  by  A.  Gossmami. 

Ann.  Ch.  Pharm.  Ixxxix.  123. 
Caoutchouc. — Vulcanised  caoutcliouc  stoppers  as  a  substitute  for  corks  :  by 

K  H.  V.  Baumhauer.     Ann.  Ch.  Pharm.  xc.  15. 
Capryl. — On  caprylic  alcohol  and  its  derivatives  :  by  M.  Bonis.     Comp,  rend. 

xxxviii.  935  ;  Chem.  Soc.  Qu.  J.  vii.  286. 
On  caprylamine  or  caprylia :  by  ^.  Cahours.     Compt.  rend,  xxxix.  254; 

Chem.  Gaz.  1854,  355. 

On  caprylamine  :  by  W.  S.  Squire.     Chem.  Soc,  Qu.  J.  vii.  108. 

Carbon.  — Crystallised  carbon.     J.  pr.  Chem.  Ixi.  55. 

On  the  formation  of  hydrates  of  carbon  in  plants :    by  F.  Rochleder. 

Wien.  Akad.  Ber.  xii.  549. 
Action  of  the  solar  rays  on  a  mixture  of  nitric  acid  and  sulphide  of 

carbon :  by  M.  Tijfereau.     Corapt.  rend,  xxxix.  692. 
Carbonates. — On  the  reaction  of  sulphide  of  arsenic  with  alkaline  carbonates: 

by  //.  Rose.     Pogg.  Ann.  xc.  565  ;  Chem.  Gaz.  1854,  128. 
On  the  crystalline  form  of  certain  nitrates  and  carbonates :    by  M.  L. 

Frankenheim.     Pogg.  Ann.  xciii.  14. 
On  the  isodimorphism  of  nitrate  of  potash  and  carbonate  of  lime :  by 

M.  L.  Frankenheim.     Pogg.  Ann.  xcii.  354. 
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H.  Ste.-Claire  Deville.     Ann.  Ch.  Phys.  [3]  xl.  87. 
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Pharm.  [3]  xli.  164. 
Saccharine  carbonate  of  iron  and  manganese :  by  S.  T.  Speer.     Pharm. 
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Carbonic  Oxide.— ^ote  on  pure  carbonic  oxide  considered  as  a  poison  :  by 

A.  Chenot.     Compt.  rend,  xxxviii.  735,  830. 
Carolathine. — On  carolathine  :  by  F.  L.  Sonnenschein.     J.  pr.  Chem.  Ix.  267. 
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Pharm.  J.  Trans,  xiii.  386. 
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Pharm.  xc.  381 ;  J.  pr,  Chera.  Ixiii.  59. 
Cerebro-spinal    Fluid.  —  Examination  of   the    cerebro-spinal    fluid:    by 
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Charcoal. — On  the  combustion  of  charcoal :  by  M.  Barreswil.    J.  Pharm.  [3] 

XXV.  173. 
On  the  deodorising  and  disinfecting  properties  of  charcoal,  with  the 

description  of  a  chai'coal  respirator  for  purifying  the  air  by  filtration  : 

by  /.  Stenhouse.     Chem.  Gaz.  1854,  132;  Pharm.  J.  Trans,  xiii.  454; 

Ann.  Ch.  Pharm.  xc.  186. 
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Wittwer.     Compt.  rend,  xxxviii.  750 ;  Phil.  Mag.  [4]  viii.  528. 
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xli.  354. 
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of  Ocagna  (New  Granada)  :  by  0.  Henry,  jun.     J.  Pharm.  [3]  xxiv. 
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Creosote. — On  creosote  and  its  products  of  decomposition  :  by  E.  v.  Gorup- 
Besanez.     Ohem.  Gaz.  1854,  121. 
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Calculation  of  the  angles  of  biaxial  crystals:  by  F.  Zamminer.     Ann.  Ch. 

Pharm.  xc.  90. 
Crystallisation. — Researches  on  new  methods  of  crystallisation  in  the  dry 
way,  and  on  their  application  to  the  reproduction  of  mineral  species : 
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the  dressed  flax  fibre  :  by  /.  F.  Hodges.     Chem.  Gaz.  1854,  457. 

On  the  influence  of  citric,  tartaric,  and  oxalic  acids  on  cotton  and  flax 

fibres  under  the  influence  of  dry  heat  and  pressure  of  steam  :  by 

F.  a  Calvert.     Chem.  Gaz.  1854,  440. 
Flour. — Researches  on  flour  and  bran:  by  A.  Frapoli.     Ann.  Ch.  Phaim. 

xci.  107. 
Flowers. — Note  on  the  colours  of  a  considerable  number  of  flowers:    by 

31.  Chevreul.     Compt.  rend,  xxxix.  213;  Chem.  Gaz.  1854,  326. 

On  the  colouring  matter  of  flowers :  by  MM.  Frtmy  and  Cloez,    J.  Pharm. 

[3]  XXV.  249  ;  J.  pr.  Chem.  Ixii.  269. 

Researches  on  the  colouring  matter  of  flowers :    by  F.  Filhol.     Compt. 

rend,  xxxix.  194;  Chem.  Gaz.  1854,  326. 
Fluorescence. — See  Light. 
Fluorides. — Researches  on  the  fluorides:  by  F.  Fremy.     J.  Pharm.  [3]  xxv. 

241 ;  Compt.  rend,  xxxviii.  393  ;  Chem.  Gaz.  1854,  138  ;  J.  pr.  Chem. 

Ixii.  65. 
Fluorine. — On  the  losses  which  minerals  sustain  by  heat — Determination  of 

tlieir  nature  and  quantity,  especially  as  regards  fluorine :  by  MM. 

H.  Ste.-Claire  Deville  and  Fouque.     Compt  rend,  xxxviii.  317. 

Action  of  fluorides  on  the  animal  economy :  by  M.  Maumene.      Compt. 

rend,  xxxix.  538. 
Formulse. — On  Dr.  Kolbe's  additive  formulEe:  by  ^.  W.  Williamson.     Chem. 

Soc.  Qu.  J.  vii.  122  ;  Ann.  Ch.  Pharm.  xci.  201.     . 
Foods. — On  the  etjui valency  of  starch  and  sugar  in  foods:  hy  J.  B.  Lawes 

and  /.  H  Gilbert.     Chem.  Gaz.  1854,  396. 
Fraxinine. — On  fraxinine,  the  cry  stall  isable  principle  in  the  bark  of  the 

Fraxinus  excelsior,  or  common  ash  :  by  /.  Stenhouse.     Phil.  Mag.  [4] 

vii.  501 ;  Ann.  Ch.  Pharm.  xci.  255. 

On  fraxinine:  by  Bochleder  and  Schwartz.     Repert.  Pharm.  ii.  368;  J. 

Pharm.  [3]  xxv.  74. 
Fruticulture. — A  contribution  to  fruticulture  :  by  Fr.Schulze.    J.  pr.  Chem. 

Ixii.  207. 
Fungi. — On  the  acids  contained  in  certain  fungi :  by  V.  Dessaignes.    Ann.  Ch. 

Pharm.  Ixxxix.  120. 
Furfurine. — On  the  formation  of  amarine,  furfurine,  and  a  new  organic  base, 

anisine:  hy  C.  Bertagnini.     Ann.  Ch.  Phami.  Ixxxviii.  127;  Chem. 

Soc.  Qu.  J.  vii.  95. 
Fusel   Oil. — On  potato  fusel  oil — occurrence  of  propylic  alcohol  and  capric 

acid  therein  :  by  S.  W.  Johnston.    J.  pr.  Chem.  Ixii.  262. 
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G. 

Gas. — On  the  use  of  gas  as  fuel  in  organic  analysis:  hy  A.  W:  Hofmann.     Ann. 
Ch.  Pharm.  xc.  235 ;  Ann.  Ch.  Phys.  [3]  xl.  223. 

Gas  apparatus  for  organic  analysis :  by  G.  Magnus.     Chem.  Soc.  Qu.  J. 

vii.  250. 

Description  of  an  apparatus  for  organic  analysis  by  illuminating  gas,  and 

on  the  use  of  this  gas  in  experimental  laboratories :  by  C.  WeiherilL 
J.  Fr.  Inst.  [3]  xxviii.  184. 

On  the  use  of  wood-gas  for  illumination  in  Heilbronn :  by  H.  Fehling. 

Chem.  Gaz.  1854,  239. 

Examination  of  the  gas  of  the  Philadelphia  gas-works  :  by  C.  M.  Wetherill. 

J.  Fr.  Inst.  [3]  xxviii.  35. 
Gases. — On  the  condensation  of  gases  by  solid  bodies,  and  on  the  heat  evolved 
thereby  :  by  M.  Favre.     Compt.  rend,  xxxix,  729. 

On  an  improved  apparatus  for  the  analysis  of  gases :  by  E.  Frankland  and 

W.  /.  Ward.     Ann.  Ch.  Pharm.  ixxxviii.  82. 
Eesearches  on  the  transmission  of  electricity  through  gases  at  high  tem- 
peratures :  by  E.  Becquerel.     Ann.  Ch.  Phys.  xxxix.  885. 

Apparatus  intended  to  supersede  Woolf's  bottles  for  operations  with 

gases.     Pharm.  J.  Trans,  xiii.  626. 

On  the  electro-chemical  polarity  of  gases :  by  W,  R.  Grove.     Pogg.  Ann. 

xciii  417. 
Gelatin. — Chemico  technical  observations  on  gelatin:   by  Hylten-Cavallius. 

J.  pr.  Chem.  Ixii.  140, 
Germination. — Experiments  on  germination:  by  M.  Fogel,jun.    J.  Pharm. 

[3]  xxv.  256. 
Glass. — On  the  electric  conductivity  of  heated  glass:  by  H.  Buff.     Ann.  Ch, 

Pharm.  xc.  255;  Ann.  Ch.  Phys.  [3]  xlii.  125;  Phil.  Mag.  [4]  viii.  12. 
On  the  decolorisation  of  glass  by  peroxide  of  manganese.     Ann.  Ch. 

Pharm.  xc.  112;  Chem.  Gaz.  1854,  300. 
Manufacture  of  glass  for  the  lenses  of  astronomical  telescopes :  by  M.  de 

Feyronny.     Compt.  rend,  xxxviii.  874. 
Glucina. — Contributions  to  the  chemical  history  of  glucina:  by/.  Weeren. 

Pogg.  Ann.  xcii.  91;  Chem.  Gaz.  1854,  410. 
Glucinum. — On  glucinum  and  its  compounds:  by  H.  Debray.     Compt.  rend. 

xxxviii.  784;  Chem.  Gaz.  1854,  204;  J.  pr.  Chem.  Ixii.  186. 
Glucose.— On  the  presence  of  glucose  in  opium,  lactucarium,  thridace,  and 

in  the  vegetable  kingdom  in  general :  by  M.  Lahens.      J.  Pharm.  [3] 

xxvi.  263. 
Gluten. — Eesearches  on  the  gluten  of  wheat:  by  E.  Millon.     Compt.  rend. 

xxxviii.  12;  J.  Pharm.  [3]  xxv.  352. 
Glycerine. — Action  of  iodide  of  phosphorus  on  glycerine:  hy  MM. Berihelot 

and  de  Luca.     Compt.  rend,  xxxix.  745;    Chem.  Gaz.  1854,  448. — 

Action  of  hydriodic  acid  on  glycerine:   Compt.  rend,  xxxix.  748; 

Chem.  Gaz.  1854,  431. 

On  the  compounds  of  glycerine  with  acids,  and  on  the  synthesis  of  the 

proximate  principles  of  animal  fats :  by  M.  Berthelot  (conclusion). 
Ann.  Ch.  Phys.  [3]  xli.  257;  Compt.  rend,  xxxviii.  668;  Chem.  Soc. 
Qu.  J.  vii.  282  ;  J.  pr.  Chem.  Ixii.  133  ;  J.  Pharm.  [3]  xxv.  346. 
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Glycerine. — On  glycerine,  and  its  use  in  various  branches  of  medical  prac 

tice  :  by  M.  Cass.     J.  Pbarm.  [3]  xxv.  81 ;  xxvi.  81. 
Gold.— On  the  distribution  of  gold.     J.  pr.  Chem.  Ixi.  435. 

On  the  detection  of  gold  in  lead  and  its  compounds :  by  /.  Perci/  and 

R.Smith.     Phil.  Mag.  [4]  vii.  126. 

Peculiarity  observed  in  a  nugget  of  gold  from  Australia:  by  IT.  Golfier- 

Besseyre.     Ann.  Ch.  Phys.  [3]  xl.  221. 
Goniometer. — On  a  method  of  obtaining  rapid  adjustments  with  Wollaston'8 

goniometer:  by  C.  G.  Williams.     Phil.  Mag.  [4]  viii.  430. 
Graduatio  n. — Apparatus  for  gi-aduat'ng  cylindrical  vessels :  by  Carl  Westhoff. 

Ann.  Ch.  Pliarm.  Ixxxviii.  131. 
Grain. — Note  on  the  preservation  of  grain  :    by  M.  Driesch.     Compt.  rend. 

xxxvii.  902. 

Influence  of  the  washing  of  grain  on  the  quality  of  bran,  starch,  and 

bread  :  by  H.  Milton.     Compt.  rend,  xxxviii.  545. 
Grapes. — On  the  acid  contained  in  unripe  grapes:    by  R.  Schwartz.      J. 

Pharm.  [3]  xxv. '80. 
Guaiac-resin. — On    the  products  of  the    distillation  of   guaiac-resin :    by 

C.  Volckel.     Ann.  Ch.  Pharm.  Ixxxix.  345  ;  J.  Pharm.  [3]  xxv.  396. 
G  um.— Analysis  of  the  ashes  of  many  kinds  of  gum  occurring  in  commerce: 

by  J.  Lowenthal  and  S.  Hausmann.     Ann.  Ch.  Pharm.  Ixxxix.  112; 

J.  Pharm.  [3]  xxv.  395. 
Gunpowder. — Analysis  of  gunpowder:    by  C.  Weltzien.     Ann.  Ch.  Pharm. 

xc.  129. 

On  Chinese  gunpowder:  by  N.  Rondot.     J.  Pharm.  [3]  xxvi.  56. 

Gypsum. — Report  on  the  salt  and  gypsum  of  the  Preston  valley  of  the  Holston 

River,  Virginia :  by  H.  D.  Rogers.     Sill.  Am.  J.  [2]  xviii.  273. 


H. 

Harmala. — On  the  composition  of  the  alkaloids  of  Harmala  :  by  /.  Fritzsche. 

Bull,  de  St.  Petersb.  xii.  225 ;  Chem.  Gaz.  1854,  205,  472. 
Heat. — An  attempt  to  explain  the  expansion  of  bodies  by  heat:  by  A.  Tick. 

Pogg.  Ann.  xci.  287. 

On  the  heat  evolved  in  the  condensation  of  gases  by  solid  bodies:  by 

if.  Tavre.     Compt.  rend,  xxxix.  729. 

Determination  of  the  emissive  powers  of  bodies  at  high  temperatures:  by 

MM.  Provostai/e  and  Desains.     Compt.  rend,  xxxviii.  440. 

Fundamental  principles  of  a  thermo-chemical   system  :    by  /.  Thomsen. 

Pogg.  Ann.  xci.  83 ;  xcii.  34. 
Thermo-chemical  researches  on  compounds  formed  in  multiple  propor- 
tions: by  P.  A.  Favre.     J.  Pharm.  [3]  xxiv.  412. 

Thermic  researches  on  hydro-electric  currents :  by  A.  Favre.     Ann.  Ch. 

Phys.  [3]  xl.  293. 
Memoir  on  the  specific  heat  of  gases  under  a  constant  volume,  on  the 

heat  evolved  by  the  compression  of  the  elastic  fluids,  and  on  the 

calorific  effects  produced  by  the  stoppage  and  movement  of  gases :  by 

F.  Regnault.     Compt.  rend,  xxxviii.  853. 
.  On  the  formula  for  the  maximum  pressure  and  latent  heat  of  vapours  : 

by  W.  J.  M.  Rankine.     Phil.  Mag.  [4]  viii.  530. 
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H  e  a  t. — Transmission  of  heat  through  organic  structures  :  by  /.  Tyndall,    Phil. 

Trans.  1853,  217. 
New  observations  on  the  best  method  of  determining  the  transcalescence 

of  a  lamina  with  regard  to  different  calorific  radiations  :  by  M.  Melloni. 

Compt.  rend,  xxxviii.  429, 

On  the  relation  between  the  transmission  of  radiant  heat  through  crystals, 

and  the  direction  in  which  it  passes :  by  H.  Knoblauch.  Pogg.  Ann, 
xciii.  161.  • 

On  the  application  of  the  mechanical  theory  of  heat  to  thermo-electric 

phenomena:  by  ^.  Clausius.     Pogg.  Ann.  xc.  513. 

On  the  mechanical  action  of  heat:  by  W.  J.  M.  Rankine.     Phil,  Mag.  [4] 

vii.  1,  HI,  172,  239. 

On  the  conductibility  of  metals  for  heat :  by  G.  Wiedemann  and  B.  Franz. 

Phil.  Mag.  [4]  vii.  33. 
•  On  the  economy  of  the  heating  or  cooling  of  buildings  by  means  of  cur- 
rents of  air :  by  W.  Thomson,     Phil.  Mag.  [4]  vii.  138. 

On  the  losses  wliich  minerals  sustain  by  heat :    by  MM.  H.  Ste-Claire 

Deville  and  FouquS.     Compt.  rend,  xxxviii.  317. 

Temperature  of  the  interior  of  the  earth.     Sill.  Am.  J.  [2]  xviii.  432. 

Observations  on  the  temperatures  of  the  soil  compared  with  those  of  the 

air:  hj  MM.MalagutiandiDurocher.     Compt.  rend  xxxviii.  785. 

On  the  thermal  effects  of  fluids  in  motion  :  by  W.  Thomson  and  J.  P, 

Joule.     Phil.  Trans.  1853,  357. 

On  the  temperature  of  springs :  by  Hallmann.     Pogg.  Ann.  xcii,  658. 

On  the  generation  of  heat  by  electricity :  by  P.  Riess.      Phil.  Mag.  [4] 

vii.  348,  428. 

On  the  heat  and  cold  developed  at  the  point  of  contact  of  two  conductors 

in  the  voltaic  circuit:  by  L.  Frankenheim.     Pogg  Ann.  xci.  161. 

On  the  heat  evolved  by  electric  currents :    by  E.  Clausius,    Ann.  Ch. 

Phys.  [3]  xlii.  123. 

On  the  heat  produced  by  an  electric  discharge :  by  R.  Clausius.     Phil. 

Mag.  [4]  vii.  297, 

On  the  heat  produced  by  an  electric  discharge  :  by  W.  Thomson.     Phil. 

Mag.  [4]  vii.  347. 

Note  on  an  electric  regulator  of  heat  for  maintaining  a  constant  tempe- 

rature in  a  limited  space  :  by  Th.  du  Moncel.  Compt.  rend,  xxxviii. 
1027. — Note  on  the  same  :  by  /.  Maistre  :  ibid.  1059. 

Hematin. — New  method  of  separating  hematin  from  globulin  :  by  W.  Wittich. 
J.  pr.  Chem.  Ixi.  11. 

Herrings. — On  the  existence  of  trimethylamine  in  the  brine  of  salted  her- 
rings :  by  O.  H.  Winkles.     Chem.  Soc.  Qu.  J.  vii.  03. 

HomoBomorphism. — See  Crys'alline  Form. 

Homology. — Illustrations  of  chemical  homology:  by  T.  S.Hmit.  Sill.  Am. 
J.  [2]  xviii.  269. 

Hydrargethyl. — On  hydrargethyl  and  its  compounds:  by  F.  Diinhaupt. 
Chem.  Gaz.  J854,  292. 

On  some  compounds  of  hydrargethyl  and  hydrargomethyl :  by  A.  Streaker. 

Compt.  rend,  xxxix.  57;  Chem.  Soc.  Qu.  J.  vii.  277;  Chem.   Gaz. 
1854,  375.  ■ 
Hydrates. — Observations  on  certain  hydrates,  and  especially  on  ferric  hydrate  : 
by  M.  Leroy.    J.  Pharm.  [3]  xxv.  359. 
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Hydrocarbons. — Improvements  in  the  treatment  of  naphthas  and  other 
volatile  hydrocarbons  (F.  0.  Calvert's  patent).     Chem.  Gaz.  1854,  399. 

On  some  hydrocarbons  obtained  from  coal-tar  naphtha  :  by  M.  Ritthausen, 

J.  pr.  Chem.  Ixi.  174;  J.  Pharm.  [3]  xxvi.  71. 
Hydrocyanaldine. — On  hydrocyanaldine :    hy  A.  Strecker.     Compt.  rend. 

xxxix.  55;  Chem.  Soc.  Qu.  J.  vii.  275;  Phil.  Mag.  [4]  viii.  326. 
Hydrogen. — On  the  active  modifications  of  hydrogen  and  oxygen:   by  /. 

OsannT    J.  pr.  Chem.  Ixi.  500  ;  J.  Pharm.  [3]  xxvi.  68. 

On  the  occurrence  of  ozone  and  peroxide  of  hydrogen  in  the  electrolysis 

of  sulphuric  acid :  by  H.  Meidinger.     Chem.  Soc.  Qu.  J.  vii.  251. 

On  the  theoretical  relations  of  water  and  hydrogen  :  by  T.  S,  Hunt.     Sill. 

Am.  J.  [2]  xvii.  194;  Chem.  Gaz.  1854,  181. 

On  the  use  of  hydrogen  and  carbonic  acid  gas  to  displace  sulphuretted 

hydrogen  in  the  analysis  of  mineral  waters :  by  W.  B.  Rodgers  and 
R.  E.  Rodgers.     Sill.  Am.  J.  [2]  xviii.  213 ;  Chem.  Gaz.  1854,  410. 

Kemark  on  peroxide  of  hydrogen,     Ann.  Ch.  Pharm.  xci.  127. 

Hygromete  r. — On  a  new  hygrometer,  or  dew-point  instrument :  by  A.  Connell. 

Phil.  Mag.  [4]  viii.  81. 
Hygrometry. — On  a  new  hydrometer:  by  E.  II.  v.  Baumhauer.    Pogg.  Ann. 
xciii.  343. 


I  c  e. — On  the  latent  and  specific  heat  of  ice  :  by  Angstrom.     Pogg.  Ann.  xc.  509. 
Ichthyosis. — Hippuric  acid  in  the  scales  in  ichthyosis  :  hy  J.  Schlossberger, 

Ann.  Ch.  Pharm.  xc.  378;  J.pr.  Chem.  Ixiii.  58;  J.  Pharm.  [3]  xxvi.  397. 
Igasurine. — Report  on  a  thesis  by  M.  Desnoix  on  the  loganiaceous  family, 

and  on  igasurine  :  by  M.  Blondeau,  jun.    J.  Phann.  [3]  xxv.  206. 
Illumination. — On  the  manufacture  of  wood-gas  for  illumination  in  Heil- 

bronn  :  by  H.  Fehling.     Chem.  Gaz.  1854,  239. 
Imperatorine. — On  the    identity  of  peucedanine  with    imperatorine :  by 

R.  Wagner.    J.  pr.  Chem.  Ixii.  275 ;  Chem.  Gaz.  1854,  407. 
Incrustations.  —  Method    of    preventing     incrustations    in    boilers:    by 

R.  Fresenius.     J.  Pharm.  [3]  xxvi.  145. 

Eesearches  on  the  incrustation  of  boilers :    by  if.  CoustL     Ann.  Min.  [5] 

V.  69. 

On  the  various  means  of  preventing  incrustations  in  steam-boilers :  by 

Br.  Eisner.     Schweiz.  Gewerbebl.  1854,  37 ;  Chem.  Gaz.  1854,  259. 
Indigo. — On  tests  for  indigo.     J.  pr.  Chem.  Ixii.  509. 

Formation  of  indigo  in  the  human  organism :  by  H.  v.  Sicherer.    Ann. 

Ch.  Pharm.  xc.  120;  Chem.  Gaz.  1854,  268. 

On  the  frequent  occurrence  of  indigo  in  liuman  urine,  and  on  its  chemical, 

physiological,  and  pathological  relations:    hj  A.  H.  Hassall.     Proc. 

Boy.  Soc.  vii.  122;  Chem.  Gaz.  1854,  320;  J.  Pharm.  [3]  xxv.  356. 
On  the  use  of  sulphopurpuric  acid,  or  red  sulphate  of  indigo,  in  the  dyeing 

of  worsted  and  silk  :  by  E.Haeffely.     Chem.  Gaz.  1854,  79. 
Infusoria. — Substance  of  green  infusoria:  by  the  Prince  of  SalmHorstmar. 

Pogg.  Ann.  xciii.  159. 
I  n  k. — Composition  of  an  indelible  ink  for  writing  upon  zinc.     J.  Pharm.  [3] 

xxvi.  141. 
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Inuline. — ^Note  on  the  preparation  of  inuline  :  by  M.  TUrault     J.  Pharm.  [3] 

XXV.  205  ;  Chem.  Gaz.  1854,  233. 
Iodine. — Bromine  and  iodine  in  Chili  nitre.     Phaiin.  J.  Trans,  xiii.  339. 
Iodine  in  chemical  reagents.     Pharm.  J.  Trans,  xiii.  485. 

On  the  distribution  of  iodine  in   the  mineral,  vegetable,  and  animal 

kingdoms  :  by  S.  Macadam.     Pharm.  J.  Trans,  xiv.  265. 

On  the  presence  of  iodine  in  the  rain-water,  running  water,  and  plants  of 

the  Antilles  and  the  coasts  of  the  Mediterranean :    by  A,   Chatiti. 
Compt.  rend,  xxxvii.  258. 

Presence  of  iodine  in  minerals,  plants,    and   animals :    by  E.  Riegel. 

Pharm.  J.  Trans,  xiv.  24. 

Percentage  of  iodine  in  the  water  of  the  river  Almendares,  in  the  land- 

plants  and  in  the  atmosphere  of  tropical  countries.     Pharm.  J.  Trans, 
xiii.  385. 

Method  of  detecting  tho  presence  of  iodine,  and  estimating  its  quantity  : 

by  S.  de  Luca.    J.  Pharm.  [3]  xxv.  17  ;  Pharm.  J.  Trans,  xiii.  434 ; 
Chem.  Gaz.  1854,  77. 

Detection  of  iodine  in  the  air,  rain  water,  and  snow :  by  S.  de  Luca.     J. 

Pharm.  [3]  xxvi.  250. 

Detection  of   iodine — Eemarks  on   the    results    obtained    by    various 

chemists:  by  ^.  Chatin.     J.  Pharm.  [3]  xxv.  192. 

On  the  estimation  of  iodine :  by  M.  KersUng.      Ann.  Ch.  Phys.  [3]  xli. 

493  ;  Chem.  Gaz.  1854,  156. 

Reaction  of  iodine  and  chlorine  with  nitrate  of  silver:    by   Weltzien. 

Ann.  Ch.  Pharm.  xci.  43. 

New  method  of  separating  iodine  from  its  compounds  :  by  A.  Overleck. 

J.  Pharm.  [3]  xxv.  47. 

On  the  qualitative  and  quantitative  analysis  of  iodine,  and  on  its  sepa- 

ration from  bromine  and  chlorine  by  means  of  benzin  and  nitrate  of 
silver:  hj  E.  Moi'ide.    Ann.  Ch.  Phys.  [3]  xxxix.  451. 

On  a  general  method  of  substituting  iodine  for  hydrogen  in  organic  com- 

pounds, and  on  the  properties  of  iodopyromeconic  acid :   by  /.  F. 
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On  the  preparation  of  iodide  of  potassium.     Arch.  Pharm.  Ixxvii.  8; 

Chem.  Gaz.  1854,  214. 
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On  a  new  compound  of  iodine  :  by  MM.  Sorquet  and  Guillermond.     J. 
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MM.  Berthelot  and  de  Luca.     Compt.  rend,  xxxix.  745,  748. 
Iodoform. — On  a  curious  property  of  a  solution  of  iodoform  in  bisulphide  of 
carbon:  by  M.  Humbert,     'f,  Pharm.  [3]  xxvi.  194. 


348  TITLES    OF   CHEMICAL    PAPERS 

Iron. — Experiments  on  the  electric  conducting  power  of  magnetised  iron  :  by 
Edlund.     Pogg.  Ann.  xciii.  315. 

On  the  fluorescence  exhibited  by  certain  iron-  and  platinum-salts :  by 

/.  H.  Gladstone.     Chem.  Gaz.  1854,  420. 

-  Magnetic  iron  of  the  beds  of  the  Perokie  range  on  the  south  shore  of 
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Magnetic  oxide  of  iron,  and  iron  reduced  by  hydrogen.     Pharm.  J.  Trans. 
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On  the  separation  of  protoxide  and  sesquioxide  of  iron  in  certain  silicates : 
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Pogg.  Ann.  xciii.  449. 
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xiii.  684. 
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/.  W.  Mallet.     Sill.  Am.  J.  [2]  xviii.  33. 
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350. 
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On  the  corrosive  action  of  sugar  on  iron  and  other  metals :  by  /.  H. 
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J.  Trans,  xiii.  339 . 
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Iron. — Ferrate  of  potash  as  an  antidote  to  arsenic  :  by  M.  Chattel.     J.  Pharm. 
[3]  XXV.  395. 

Iron-blue-earth  of  very  recent  formation  :  by  F,  Sandberger.     Pogg.  Ann. 

xcii.  494. 
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Ivory.— -Analysis  of  fossil  ivory:  by  W.  Wicke.     Ann,  Ch.  Pharm.  xc.   100; 

J.  Pharm.  [3]  xxvi.  393. 
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Labels. — Indestructible  labels  for  acid  vessels.     Pharm,  J.  Trans,  xiii.  342. 
Lactucarium. — On  the  presence  of  glucose  in  lactucarium  :  by  M,  Lahens. 

J.  Pharm.  [3]  xxvi.  263. 
Lamp.  — Gas-lamp  for  chemical  laboratories:    hy  E.  II.  v.  Baumhauer.     Ann. 

Ch.  Pharm.  xc.  21. 

Lamp  for  producing  very  high  temperatures:  by  H.  Ste.- Claire  Deville. 

Compt.  rend,  xxxvii.  1003;  Pogg.  Ann.  xcii.  183. 
Lava. — On  the  composition  of  lava  from  Etna  :  by  C.  v.  Hauer.    J.  pr.  Chem. 

Ixi.  224. 
Lead.— Electro-chemical  treatment  of  lead-ores:    by  M.  Becquerel.      Compt. 

rend,  xxxviii.  1095  ;  Chem.  Gaz.  1854,  359. 

Eeduction  of  lead  by  cyanide  of  potassium  :  by  H.  Rose.    J.  pr.  Chem. 
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Analysis  of  lead-  speiss  trom  Oeblarn  in  Upper  Styria :  by  Guido  Sehenzel. 
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On  sesquioxide  of  lead:  by  S.  Ilausmann.     Ann.  Ch.  Pharm.  xc.  235. 
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Behaviour  of  sulphate  of  lead  at  a  red  heat.     J.  pr.  Chem.  Ixii.  381. 

Note  on  the  crystalline  form  of  a  new  vanadiate  of  lead  :  by  M.Bescloizeanx. 

Ann.  Ch.  Phys.  [3]  xli.  78. 

On  plumbides  of  ethyl,  or  plumbethyls:  by  KarlLowig.      J.  ])r.  Chon». 

Ix.  304 ;  Ann.  Ch.  Pharm.  'xxxviii.  318 ;  Chem.  Soc.  Qu.  J.  vii.  26.^. 
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Lemon-juice. — Analysis  of  the  ash  of  lemon-juice  :  by  H.  M.  Witt.    Chem. 

Soc.  Qu.  J.  vii.  44. 
Leucin.— Contribution  to  the  chemical  history  of  leucin  :    by  ^.  Gossmann. 

Ann.  Ch.  Pharm.  xci.  129 ;  Chem.  Gaz.  1854,  467. 

Conversion  of  thialdin    into  leucin :    by  A.  G'dssmann.      Compt.   rend. 

xxxviii.  556  ;  Chem.  Gaz.  1854,  179,  325;  Ann.  Ch.  Pharm.  xc.  184; 
J.  Pharm.  [3]  xxvi.  156. 
Light.— On  the  change  of  refrangibility  of   light,    No.  II. :    by    G.  Stokes. 
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New  researches  on  the  coloured  impressions  produced  during  the  chemical 

action  of  light  (third  memoir) :    by  E.  Becquerel.      Compt.   rend, 
xxxix.  63 ;  Ann.  Ch.  Phys.  [3]  xlii.  81. 

On  the  fluorescence  exhibited  by  certain  iron-  and  platinum-salts :    by 

/.  H.  Gladstone.     Chem.  Gaz.  1854,  420. 

Action  of  the  solar  rays  on   a  mixture  of  nitric  acid  and  sulphide  of 

carbon  :  by  M.  Tiffereau.     Compt.  rend.  x?^xix.  692. 

Observations,  economical  and  sanitary,  on  the  employment  of  chemical 

light  for  artificial  illumination :  by  E.  Frnnkland.      Proc.  Roy.  Inst. 
of  Gr.  Britain,  1853,  319  ;  Sill.  Am.  J.  [2]  xviii.  293. 
Light  (Polarised). — Circular  polarisation  of  light  by  chlorate  of  soda:  by 
H.  Marhach.     Pogg.  Ann.  xci.  482. 

On  the  phenomena  of  aggregate-polarisation  in  boracite :   by  G.  H.  0. 

Volger.     Pogg.  Ann.  xcii.  77. 
Lignin. — Manufacturing  process  for  converting  lignin  into  sugar  and  alcohol : 

by  M.  Arnould.     Compt.  rend,  xxxix.  807. 
L  i  g  n  i  t  e. — See  Minerals. 
Lijiie. — On  carbonate  of  lime  pre-existing  in  plants  in  their  normal  state,  and 

on  its  estimation :  by  M.  Payen.     Compt.  rend,  xxxviii.  241  ;  Ann. 

Ch.  Phys.  [8]  xli.  164. 

On  the  decomposition  of  sulphate  and  phosphate  of  lime  by  hydrochloiic 

acid :    by  Cari-Mantrand.      Compt.  rend,  xxxviii.  864 ;    Chem.  Gaz. 
1854,  265. 

Vienna  lime.     J.  pr.  Chem.  Ixii.  382. 

Lime-juice. — Preparation  of  lime-juice,  essential  oil,  &c. :  by  P.  L.  Simonds. 

Pharm.  J.  Trans,  xiii.  478. 
Lime- stone. — See  Minerals. 
Lin  aria. — On  the  constituents  of  Linaria  cymhalaria  :    by  M.  Walz.    J.  pr. 

Chem.  xxvii.  129 ;  Chem.  Gaz.  1854,  75  ;  Pharm.  J.  Trans,  xiii.  683. 
Lingulae. — On  the  chemical  composition  of  recent  and  fossil  lingulse  and 

some  other  shells :  by  W.  U.  Logan  and  T.  S.  Hunt.     Phil.  Mag.  [4] 

vii.  326. 
Litharge. — Method  of  testing  litharge  for  copper  and  iron,  and  of  purifying 

it  from  them.     Pharm.  J.  Trans,  xiii.  681. 
Lithia. — On  some  physical  properties  of  nitrate  of  lithia:    hy  F.  Kremers. 

Pogg.  Ann.  xcii.  520. 
Lithology. — Lithological  researches  :  by  C. Ste.-Claire Deville.     Compt.  rend. 

xxxviii.  401;  Phil.  Mag.  [4]  vii.  300;  Ann.  Ch.  Phys.  [3]  xl.  257. 
Loganiaceffi.-— Report  on  a  thesis,   by   M.  Desnoix,   on  the  loganiaceous 

family,   and  on   igasurine:    by  if.  Blondeau,  jun.      J.  Pharm.    [3] 

XXV.  202. 
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Lupuline. — Natural    and   chemical   history  of   lupuline :    by  /.  Personne. 

Compt.  rend,  xxxviii.  309;  Chem.  Gaz.  1854,   188;   J.  Pharm.  [3] 

xxvi.  241. 
Chemical  and  natural  history  of  lupuline  :    by  M.  Personne :    part  2. 

J.  Pharm.  [3]  xxvi.  329. 
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Madder. — On  the  action  of  the  ferment  of  madder  on  sugar  :  by  E.  Schunck. 
Phil.  Mag.  [4]  viii.  161. 

Alcohol  from  the  wash- water  of  madder.     J.  pr.  Chem.  Ixii.  506. 

Magnesia. — Improvements  in  the  manufacture  of  certain  salts  of  magnesia 

(T.  Richardson's  patent).     Chem.  Gaz.  1854,  119. 

Manufacture  of  carbonate  of  magnesia.     Pharm.  J.  Trans,  xiv.  221. 

Manufacture  of  sulphate  of  magnesia  from  bittern,  the  "  rough  Epsoms'' 

of  the  alum-manufacturer,  native  carbonate  of  magnesia,  magnesian 

schist,  &c.     Pharm.  J.  Trans,  xiv.  71,  125. 
Malates. — Malate  of  lime  in  the  leaves  of  the  common  ash.      Pharm.  J. 

Trans,  xiii.  385. 
Manganese. — Separation  of  manganese  from  iron  and  nickel :  by  3£.  SchieL 

Sill.  Am.  J.  [2]  XV.  275  ;  J.  Pharm.  [3]  xxv.  393. 

Separation  of  oxide  of  manganese  from  other  bases  :  by  W.  Gibbs.     Ann. 
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On  the  coloration  of  manganous  salts :  by  M.  Gorgeu.    Ann.  Ch.  Phys. 

[3]  xlii.  70. 

On  some  new  and  simple  methods  of  detecting  manganese  :  by  E.  Davy. 
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On  the  action  of  peroxide  of  manganese  in  decolorising  glass.     Ann.  Ch. 

Pharm.  xc.  112  ;  Chem.  Gaz.  1854,  300. 

On  the  i)hosphate  of  iron  and  manganese  from  Norwich,  Mass. :  by  /.  W, 
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Detection  of  manganese  in  the  blood :  by  M.  Glenard.     J.  Pharm.  [3] 

xxvi.  184. 
Manna. — ^Varieties  of  manna  not  produced  by  the  ash:    by  X  Landerer. 

Pharm.  J.  Trans,  xiii.  411. 
Manure.T-Fifth  note  on  the  preservation  of  azotised  substances  in  manures: 
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Method  of  increasing  the  value  of  farm-manures  :  by  M.  Rozet.     Compt. 

rend,  xxxviii.  749. 
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M.  de  Molon.    tJompt.  rend,  xxxviii.  1018. 

Meat. — Preservation  of  meat,  milk,  &c.     Pharm.  J.  Trans,  xiv.  233. 

Mercury. — Discovery  of  mercury  in  the  Liineburg  diluvial  formation:  by 
/.  F.  L.  Haiismann.     Pogg.  Ann.  xcii.  168 :  J.  pr.  Chem.  Ixii.  1. 

Experiments  to  determine  the  elastic  force  of  mercurial  vapour  at  diffe- 
rent temperatures :  hy  A.  Benedix.     Pogg.  Ann.  xcii.  632. 
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Mercury. — Compounds  of  mercuric  oxide  with  allantoin:  by  H.  Limprichf. 

Ann.  Ch.  Pharm.  Ixxxviii.  94. 
Note  on  a  new  double  salt  of  mercury  :  by  E.  St.Evre.    Ann.  Ch.  Phys. 
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xciii.  461. 
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Phil.  Mag.  [4]  vii.  297. 
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Observations  on  the  metals  contained  in  columbite  and  tantalite :  by 

A.  Connell.     Sill.  Am.  J.  []  xviii  392. 
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Ann.  Ch.  Pharm.  xc.  218. 


IN    BRITISH    AND    FOREIGN    JOURNALS.  353 
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Qu.  J.  vii.  311. 

Action  of  iodide  of  methyl  on  aldehyde-ammonia :  by  Man.  Saenz.  Diez. 

Ann.  Ch.  Pharm.  xc.  301  ;  J.  pr.  Chem.  Ixiii.  56. 

On  the  existence  of  trimethylamine  in  the  brine  of  salted  herrings  :  by 

G.  H.  IFinkles.     Chem.  Soc.  Qu.  J.  vii.  03, 

On  some  compounds  of  hydrargethyl  and  hydrargoraethyl :  by  A.  Strecker. 

Compt.  rend,  xxxix.  57 ;  Chem.  Soc.  Qu.  J.  vii.  277 ;  Chem.  Gaz. 
1854,  375. 

'  On  the  chlorinated  compounds  derived  from  the  sulphides  of  ethyl  and 

methyl :  by  M.  Riche.     Compt,  rend,  xxxix.  910. 

Methplurabethyl. — On  methplumbethyl :  by  C.  Lowig.  J,  pr.  Chem.  Ix, 
304;  Ann.  Ch.  Pharm.  Ixxxviii.  318;  Chem.  Gaz,  1854,  318. 

Milk. — Report  on  Dr.  Eosenthal's  memoir  on  a  process  for  detecting  adulte- 
ration in  milk:  by  MM.  Quevenne  and  Gaultier  de  Claubry.  J.  PJiairn. 
[3]  XX vi.  214. 

Observations  on  milk :    by  A.  Morin.    J.  Pharm.  [3]  xxv.  423 ;    J.  pr. 

Chem.  Ixii.  509. 

New  method  of  estimating  the  quantity  of  butter  in  milk  :  by  E.  Afar  chatid. 

J,  Pharm.  [3]  xxvi.   344. — Report  thereupon :  by  Boullay,  Boutron, 
and  Bussy  :  ibid.  252. 
Minerals. — Researches  on  the  artificial  formation  of  minerals  of  the  silicate 
and  aluminate  families  by  the  action  of  vapours  on  rocks :  by  Jf. 
Dauhree.     Compt.  rend,  xxxix.  135 ;  J.  pr.  Chem.  Ixiii.  1. 

On  the  losses  which  minerals  sustain  by  heat — Determination  of  their 

nature  and  quantity,  especially  as  regards  fluorine:  by  MM.  H.  Ste.- 
Claire  Deville  and  Fouque.     Compt.  rend,  xxxviii.  317. 

On  the  action  of  common  salt  in  the  formation  of  minerals:  by/.  G. 

Forchhammer.     Pogg.  Ann.  xci.  508. 

On  the  jjreparation  of  crystalhsed  minerals  in  the  humid  way,  by  a  uni- 

versally applicable  method  of  crystallisation,  with  reference  to  the 
natural  relations  :  by  A.  Drevermann.  Ann.  Ch.  Pharm.  Ixxxix.  1 1  ; 
J.  Pharm.  [3]  xxv.  231. 

Artificial  formation  of  crystallised  minerals  in  the  humid  way :  by  H.  Vohl. 

Ann.  Ch.  Phaim.  Ixxxviii.  114;  J.  pr.  Chem.  Ixi.  439 ;  J.  Pharm.  [3] 
xxv.  417. 

On  the  homoeomorphism  of  mineral  species  of  the  trimetric  system :  by 

/.  D.  Dana.     Sill.  Am.  J.  [2]  xviii.  35. 
— —     Contributions  to  chemical  mineralogy  :  by  /.  1).  Dana. 

Part  I.— 1.  Brooke  and  Miller's  miiiera1oo:y.  2.  Von  Kobell's  Mineral-Namen. 
3.  The  Krystallo-cheinisches  Miiieral-s\  stern  of  Gustav  Rose.  4.  Crystal- 
lisation of  lieulandite  of  Cleveland.  5.  Crystallisation  of  brucite.  6.  Crys- 
tallisation of  hydroniaffnesite,  and  its  homoeomorphism  with  wollastonite. 
7.  Homoeomorphism  of  gypsum  and  heulandite.  8.  Homoeomorphism  of 
brookite  and  rolumbite.  9.  Anhydrite.  10.  Valentinite,  or  white  antimony, 
and  senarmontite. 

Sill.  Am.  J.  [2]  xvii.  78—88. 

Part  11.— 1.  Rel^ions  of  anhydrous  carbonates  and  sulphates.  2.  Homoeomorphisni 
of  beryl,  pyrosmalite,  dioptase,  and  eudialyte.  3.  Homoeomorphism  of 
pyrrho'tine  (magnetic  pyrites),  greenockite,  breithauntite,  copper-nickel, 
nepheiine,  cancrinite.  4.  Homoeomorphism  of  willemite,  phenacite,  and  the 
species  of  the  corundum  group.  5.  Homoeomorphism  of  apophyllite,  nag-y- 
affite,  uranite,  anatase,  matlockite.  6.  Homoeomorphism  of  romeiiie, 
idocrase,  cerasine,  chiolite,  braunite.  7.  Homoeomorphism  of  syivanite, 
mispickel.  8.  Homoeomorphism  of  andalusite,  topaz,  staurotide.  9  i3is- 
crasite,  witherite,  arrag-onite,  ike.    10.  Augite  and  wollastonite.     11.  Pyro- 
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lusite  and  g'Othite  not  closely  homoeomorphous.  12.  Homoeomovphism  Of 
monazite,  lazulite.  13.  Datholite  and  euclase.  14.  Isodimorphism  of 
tourmaline  and  calcite.  15.  Observations  on  the  formulas  and  relations  of 
some  species:  euclase,  datholite,  and  sphene ;  beryl  and  eudialyte;  pyr- 
rhotine  and  g^re^jnockite. 
Sill.  Am.  J.  [2]  xvii.  210—221. 

Minerals. — Contributions  to  mineralogy:  by  J.  B.  Dana.     Sill.  Am.  J.  [2] 
xviii.  249. 

1.  On  the  relation  of  leadhillite  in  crystallisation  to  the  anhydrous  sulphates  and 

carbonates. 

2.  On  the  so-called  silico- titanates  and  silico-tantalates.  , 

3.  Tourmaline. 

Contnbutions  to  mineralogy:  by  /.  D.  Dana.     Sill.  Am.  J.  [2]  xviii.  417. 

Copper-glance,  pyrites,  mispickel,  quartz,  pyroxene,  spadumene,  babingtonite, 
zircon,  idocrase,  albite,  loxoclase,  topaz,  tourmaline,  apophyllite,  barytes  or 
heavy  spar,  anglesite,  xenotime,  calcite,  dolomite. 

Contributions  to  mineralogy:  by  F.  A.  Genth.     Sill. Am.  J.  Q  xviii.  410. 

Pyraphyllite,  chrysolite,  scolecite ;  owenite  identical  with  thuringite. 

Mineralogical  extracts  (1852) :  by  H.  deSenarmont.     Ann.  Min.  [5]  iv.  129 

Mineralogical  notices  :  by  A.  Kenngott. 

First  Series.— Wien  Akad.  Ber.  ix.  557:    Zinkenite,  557;   gypsum,  561;   anti- 

monide  of  silver,  508;  arsenical  pyrites  (dana'ite).  583;  senarmontite,  587; 

liebeiierite  and  gie&eckite,    595;    natrolite  (brevicite),    (U):* ;    quartz,    005; 

cryptolite,  607  ;  ruby  silver  (Rothgiiltii^erz),  609;  diaspore,    10  ;  needle  iron 

ore,  610. 
Second  Series.— X.  179:  Needle  iron  ore  enclosed  in  sunstone,  179;  pyromor- 

phite,  180;    arsenide  of  silver,  180;    gold  crystals  from  Vorospatak,    18!  ; 

diamond,   182;  baralite,  288  ;  baralite,  289;  cancrinite,  290;   chalilite,  :>90  ; 

beckite,  292;    asfgngation  of  common  and  white  iron  pyrites,  293;  f'els.u- 

banite,  294;   berthierin,  295;  new  hydrated  silicate  and  phosphate  from 

Baveno  [?J  in  Italy,  298;  triplite  from  Norwich  (Mass.),  611 ;  aegyrine,  614  ; 

mica,  615. 
Third  Series.— xi.  12  :  Arragoniteandcalc-spar,  12;  fluor-spar,  16  and  22  ;  tellu- 

ride  of  silver,  20 ;  crucilite,  20. 
Fourth  Series.— xi.  290  :  Calcspar  and  arragonite,  290  ;  quartz,  294  ;  iron-glance 

and  needle  iron-ore  enclosed  in  dicliroite,  299. 
Fifth  Seri<^s.— xi.  378:  Gypsum,  378,  380,  381,  382;  polyhalite,  383;  brogniartin 

(glauberitej,  386 ;  quartz,  387  ;  chrysotil,  388 ;  sp.  gr.  of  iron-pyrites,  392. 
Sixth  Series.— xi.  604. 
Seventh  Series.— xi.  750:    Alstonite,  750;  sulphato-carbonate  of  barytes,  752; 

quartz,  756  ;  copper-bloom  and  red  copper  ore,  757. 
Eighth  Series.— xi.  977  :  Sylvanite,  977  ,  chiolite,  980 ;  orpiment,  982  ;  alstonite, 

990. 
Ninth  Series.— xii.  22:  Covellin,  22;  ferruginous  cobalt-glance,  24;  crystalline 

forms  of  ehlite,  jeffersonite,  and  sassolin,  26 ;  composition  of  tourmaline,  29 ; 

new  form  of  axinite,  41. 
Tenth  Series.— xii.  161 :  Unguharite,  an  independent  species ;  funkite,  an  altera- 
tion of  augite;  heteromerite,  an  alteration  of  vesuvian. 
Eleventh  Series.— xii.  281 :  Baltimorite  from  Texas,  281 ;  sp.  gr.  of  iron  pyrites, 

286;    galaktite,    289;    chlorophyllite,  292;    Harrmgtonite,  293;    crystalline 

forms  of  matlockite,  295  ;  hudsonite,  297  ;  chalilite,  299  ;  ficinite,  300. 
Twelfth  Series.— xii.  485:  Huolite  from  Iceland,  485;  biotite,  492;  carpholite, 

505;    boltonite,  508;     leuchtenbergite,  510;    nordenskioldite    and    gram- 

matite,  513. 
Thirteenth  Series.— xii.  701 :  Crystalline  form  of  diopside,  701 ;  plumbocalcite, 

701 ;  quantity  of  alumina  in  augite,  702  ;  couzeranite,  714  ;  phlogopite,  717  ; 

vesuvian  in  opal,  721. 

Mineralogical  notices  on  ankerite,  topaz,  silex,  and  celestine :  by  A.  Day. 

Phil.  MRg.  [4]  viii.  137. 

Description  and  analysis  of  two  new  mineral  species :    by  T.  S.  Hunt. 

Phil.  Mag.  [4]  vii.  499. 

Examination  of  minerals  in  Dr.  Krantz's  collection  at  Bonn :  by  //.  Dauber. 

Pogg.  Ann.  xcii.  287. 

Enargite,  cataplejite,  copper-bismuth-glance,  wohlerite,  siliceous  zinc  o  e, 
oransite,  basic  uranic  sulphate. 
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Mineral  s. — Re-examination  of  American  minerals,  part  4 :  by  /,  L.  Smith  and 

G.  J.  Brush.     Sill.  Am.  J.  [2]  xvi.  365, 

Daiiberite,  carrollite,  thalite,  hadsonite,  jenkinsite,  lazulite,  kyanite,  elaeolite, 
spoduiuene,  petalite. 

Re-examination  of  American  minerals,  part  4  :  by  /.  L.  /Smith.     Sill.  Am. 

J.  [2]  xviii.  372. 

Boltonite  iodide  of  silver,  copiapite,  owenite,  xenotime,  lanthanite,  man^ano- 
magnesian  alum,  apophyllite,  scbreibersite,  protosulphide  of  iron,  cuban. 

On  the  composition  of  certain  minerals,  with  special  reference  to  the 

quantity  of  water  which  they  contain  :  by  CarlRitter  v.  Hauer^     J.  pr. 

Chem.  Ixiii.  ]  3. 

Delvauxite,  p.  15;  cacoxene,  p.  21 ;  gieserkite,  p.  26;  a  mineral  of  the  chlorate 
species  resembling  aphrosiderite,  p.  30 ;  anauxite,  p.  36. 

Analysesof  minerals  from  the  Grand  Duchy  of  Baden:  communicated  b} 

ProJ.  Weltzien.     Ann.  Ch.  Pharm.  xci.  229. 

The  mineral  contents  of  the  lower  sandstone  of  the  Upper  Mississippi. 

J.  Fr.  Inst.  [3]  xxvii.  131. 
Minerals:   Algerite. — Chemical   composition  of  algerite :    by  T.  S.  Hunt. 
J.  pr.  Chem.  Ixii.  169,  278. 
~  On  the  chemical  composition  of  algerite  and  apatite  ;  by  /.  D.  JFhitncy. 
Sill.  Am.  J.  [2]  xvii.  194. 

—  Remarks  on  the  mineral  species,  algerite:  hj  T.  S.  Hunt.     Sill.  Am. 

J.  [2]  xvii.  351. 
7\  m  b  e  r.— On  cavities  in  amber   filled  wiih  gases  and   liquids :    by  I). 

Brewster.     Pogg.  Ann.  xci.  605. 
Andalusite. — On  the  composition  of  andalusite:  by  A.  Bamour.      Ann. 

Min.  [5]  iv.  53  ;  J.  pr.  Chem.  Ixii.  234. 
Antigorite.— On  the  analysis  of  antigorite :    by  E.  Schweizer.      Pogg. 

Ann.  xcii.  495. 
Apatite.— Artificial  formatioQ  of  crystallised  apatite:    hy  Forchhammer. 

Ann.  Ch.  Pharm.  xc.  77;  Pogg.  Ann.  xci.   568;  J.  Phaim.  [3]    xxvi. 

151.     Further:  Ann.  Ch.  Pharm.  xc.  322. 

—  Chemical  composition  of  apatite  :  by  T.  S.  Hunt.     J.  pr.  Chem.  Ixii.  1 69. 
Arragonite. — On  crystalline   aggregates  of  arragonite,  witherite,   and 

alstonite  :  by  //.  de  Senarmont.     Ann.  Ch.  Phys.  [3]  xli.  60. 
Atacamite. — On  the   composition  of  atacamite  from  the  province   of 

Copiapo,  Chili :  by  F.  Field.     Chem.  Soc.  Qu.  J.  vii.  193. 
A  ugite.— Analysis  of  augite.     Ann.  Ch.  Pharm.  xci.  230. 
Basalt. — On  the  behaviour  of  basalt  under  the  influence  of  water  and 

atmospheric  air:  by  August  Bensch.     Ann.  Ch.  Pharm.  xci.  234. 
Bismuth.— Analysis  of  copper-bismuth  :    by  B.  Schenck.      xinn.  Pharm. 

xci.  232. 
Boracite. — On  the  phenomena  of  aggregate- polarisation  in  boracite  :  by 

G.  H.  0.  Str eager.     Pogg.  Ann.  xcii.  77  ;  xciii.  450. 
Borocalcite. — Reclamation  of  borocalcite,  as  distinct  from  a  mixture  of 

minerals  found «iear  Iquique,  South  Peru:    by  A.A.Hayes.     Sill. 

Am.  J.  [2]  xviii.  95. 
Brevicite.— Analysis  of  brevicite:    by   E.   Tobler.      Ann.   Ch.   PJiarm. 

xci.  229. 
Canorinite. — On  cancrinite  from  the  Tunkinskiau  mountains:   bv  N.  v. 

Kokscharow. 
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Minerals:  Chloritoid. — On  chloritoid  from  Bregratten  in  the  Tyrol,  and 

clinochlore  from  Markt-Leiigast  in  the  Bayreuth,  and  on  the  seiiaration 

of  protoxide  and  sesquioxide  of  iron  in  these  and  similar  silicates: 

by  F.  V.  Kohell     Ann.   Ch.    Pbarm.  xc.  244 ;  Sill.  Am.  J.   [2]  xviii. 

272  ;  J.  pr.  Chem.  Ixi.  92. 
Clin  ton  ite. — On  the  chemical  composition  of  clintonite  :  by  G.  J.  Brush. 

Sill.  Am.  J.  [2]  xviii.  407. 
Conistonite. — On  conistonite,  a  new  mineral  species :  hy  B.  P.  Greg, 

Sill.  Am.  J.  [2]  xvii.  333. 
Copper. — On  copper-bismuth-ore:  by   R.  Schneider.     Pogg.  Ann.  xciii. 

305,  472. 
Datolite. — On  the  crystalline  form  of  datolite  from  Andreasberg  :  by 

R.  Hess.     Pogg.  Ann.  xciii.  380. 
Descloizite. — On  descloizite,  a  new  mineral  species:   by  A.  Bam'iir. 

Ann.  Cb.  Phys.  [3]  xli.  72 ;  J.  pr.  Chem.  Ixii.  240. 
Diamond.— Crystals  of  diamond.     J.  pr.  Chem.  Ixi.  127. 
Dolomite.' — On  dolomites,    limestones,    and   sandstones:   by  A.  BouL 

Wien.  Akad.  Ber.  xii.  422. 

—  Analyses  of  dolomites  from  the  Salzburg  Alps :  by  M.  V.  Lipoid.    J.  pr. 

Chem.  Ixii.  228. 
Fahl-ores. — Chemico-mineralogical  investigations  of  certain  fahl-ores, 
and  of  a  manganiferous  galena  :  by  Fr  Sandmann.    Ann.  Ch.  Pharm. 
Ixxxix.  364. 

—  Analysis  of  fahl-ores  from  Paratsch,  near  Schmolnitz,  in  Hungary :  by 

C.  V.  Hauer.     J.  pr.  Chem.  Ixii  33. 
Fayalite. — Examination  of  fayalite :    by  M.  Delesse,      Ann.  Min.   [5] 

iv.  353. 
Felsobanite. — On  felsobanite,  a  new  mineral  species  :  by  W.  Haidinger. 

Wien  Akad.  Ber.  xii.  183. 
Galen  a. — Chemico-mineralogical  examination  of  a  manganiferous  galena : 

by  Fr.  Sandmann.     Ann.  Ch.  Pharm.  Ixxxix.  364. 
Gneiss. — On  the  composition  of  certain  gneisses :  by  Franz.  Schonf  eld  and 

H.  F.  Roscoe.     Ann.  Ch.  Pharm.  xci.  302. 
Green  E  arth. — Examination  of  green  earth  (terre  verte)  :  by  M.  Delesse. 

Ann.  Min.  [5]  iv.  351. 
Gymnite. — Gymnite  from  Fleims.     J.  pr.  Chem.  Ixii,  251. 
Hauerite. — Occurrence  of  sulphur  and  hauerite.     J.  |)r.  Chem.  Ixii.  192* 
H  el  vine, — On  the  composition  of  helvine  :  by  C.  Rammelsberg.     Pogg. 

Ann.  xciii.  453. 
Hureaulite. — New  analysis  of  hureaulite:  by  Jf.  Damour.     Ann.  Min. 

[5]  v.  1. 
Kyanite. — Decomposition  of  kyanite  by  galvanic  heat.    Sill.  Am.  J.  [2] 

xviii.  385. 
Lava. — On  the  composition  of  lava  from  Etna:  by  C.  v.  Hauer.    J.  pr. 

Chem.  Ixi.  224. 
Leucophane. — ^Remarks    on    leucophane    and    melinophane:    by    M. 

Descloizeaux.     Ann.  Ch.  Phys.  [3]  xl.  76. 
li ignites. — Chemical  examination  of  lignites  occurring  in  the  neighbour 

hood  of  Regensburg  :  by  JF.  Cusselmann.  Ann.  Ch.  Pharm.  Ixxxix.  372. 
—  Chemical  examination  of  the   brown    coal   of   the  Westerwald:   by 
jr.  Cosselmi.nn.     Ann.  Ch.  Pharm.  Ixxxix.  41,  101. 
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Minerals  :  Lig]nites. — Examination  of  lignites :  by  /.  Seeland.  J.  pr.  Chem. 
Ixii.  221". 

—  Kesearches  on  the  lignites  of  Klieims  :  by  M.  MaumenS.     Compt.  rend. 

xxxix.  779. 

—  Sulphide  of  arsenic  in  lignite.     J.  pr.  Chem.  Ixi.  190. 

Lime. — On  the  hydraulic  lime  of  Giinsberg,  near  Solothurn  :  by  C.  Folckel. 
Ann.  Ch.  Pharm.  Ixxxix.  125. 

—  Researches  on  the  resistance  of  hydraulic  limestones  and  cements  to 

the  destructive  action  of  sea-water :  by  3IM.  Malaguti  and  Durocher. 
Comj)t.  rend,  xxxix.  183. — Note  thereupon:  hy  M.  Vicat :  ibid.  412. 
— Reply:  by  MM.  3Ialaguti  and  Durocher  :  ibid.  C25. 
Limestone. — Analyses  of  limestones  and  dolomites  from  the  Salzburg 
Alps  :  by  M.  v.  Lipoid.     J.  pr.  Chem.  Ixii.  228. 

—  Analyses  of  limestones  from  the  Tyrol :  by  A.  v.  Hubert.    J.  pr.  Chem. 

Ixii.  225. 

—  On  some  of  the  crystalline  limestones  of  North  America  :  by  T.  S.  Hunt. 

Sill.  Am.  J.  [2]  xviii.  193. 

—  On  the  supposed  dolomisation  of  limestones :  by  Delanoue.     Compt. 

rend,  xxxix.  492. 

—  Proximate  analysis  of  hydraulic  limestones  and  cements  :  by  H.  Ste.- 

Claire  Deville.     Compt.  rend,  xxxvii.  1001 . 
Magnesite. — Analysis  of  an  East  Indian  magnesite  from  Madras :  by 

E.  V.  Gorup  Besanez.     Ann.  Ch.  Pharm.  Ixxxix.  219. 
Mausite. — On  the  colours  of  mausite  :    hy  JF.  Haidinger.      Pogg.  Ann. 

xc.  456;  Phil.  Mag.  [4]  vii.  215. 
Mica. — On  the  primary  form  of  mica  :  by  /.  Graiiich.     V\'ien.  Akad.  Ber. 

xii,  536. 
Mimetesite. — On  mimetesite  (kampylite)  from  Caldbeck  Fell,  Cumber- 
land :  by  C.  Rammelsberg.     Pogg.  Ann.  xci.  316. 
Osteolite. — Analysis  of  osteolite  (phosphorite)  from  Amberg :  by  ^.  v. 

Gorup- Besanez.     Ann.  Ch.  Pharm.  Ixxxix.  221. 
Partschin. — Partschin  from  Olahpeun  :  by  W,  Haidinger.     Wien.  Akad. 

]{er.  xii. 
Pitchblende. — Chemical  analysis  of  pitchblende    from  Przibram    in 

Bohemia:  by  C.  v.  Hauer.     J.  pr.  Chem.  Ixi.  391. 
Polyhalite. — On  polyhalite  :  by  H.  Rose.     J.  pr.  Chem.  Ixiii.  10. 
Prosopite. — On  Scheerer's  prosopite  :  hy  J.  1).  Hana.     Sill.  Am.  J.  [2] 

xvii.  452. 
Pyrites.— Analysis  of  tin-pyrites;    by  J".  W.  Mallet.     Sill.  Am.  J.  [2] 

xvii.  33. 

—  Remark  on  common  and  white  iron-pyrites.      Ann.  Ch.  Ph.  xc.  256 ; 

J.  pr.  Chem.  Ixiii.  60. 
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Action  of  phosphorus  on  certain  salts :  by  M.  Slater.    J.  pr.  Chera.  Ix. 

247  ;  J.  Pharm.  [3]  xxv.  391. 

On  oxychloride  of  phosphorus :    by  W.  Casselmann.     Ann.  Ch.  Pharm. 

xci.  241 ;  Chem.  Gaz.  1854,  427. 
Action  of  iodide  of  phosphorus  on  glycerine :  by  Berthelot  and  de  Luca. 

Compt.  rend,  xxxix.  745. 
P  li  0 1 0 g r  ap  h  y. — Considerations  on  photography  in  the  abstract  point  of  view  : 

by  31.  Chevreul.     Compt.  rend,  xxxix.  391. 

On  photographic  processes  in  which  the  sensitive  matter  is  of  organic 

origin :  by  M.  Chevreul.     Compt.  rend,  xxxix.  614. 

On  some  early  experiments  in  photography  :  by  /.  B.  Reade.     Phil.  Mag. 

[4]  vii.  326. 
•  On  photography  :  by  /.  B.  Edwards.     Pharm.  J.  Trans,  xiii.  322. 

On  a  method  of  preserving  the  sensitiveness  of  collodion  plates  for  a 

considerable  time:  by/.  Spiller  and  JF.  Crookes.     Phil.  Mag.  [4]  vii. 
349;  viii.  111. 

New photogi-aphic process:  by  /.  Stewart.     5.  Fr.  Inst.  [3]  xxvi.  268. 

New  application  of  photography — Daguerreotypes  on  wood.    J.  Fr.  Inst. 

[3]  xxvi.  407. 

A  new  method  of  conducting  the  daguerreotype  process:  by  H.  S  Craw- 

ford.    J.  Fr.  Inst.  [2]  xxvi.  387. 

Heliographic  engraving  on  steel  and  glass :    by  M,  Chevreul.      Compt. 

rend,  xxxix.  618. 

On  lithophotography :  by  MM.  Barreswil  and  Davanne.    J.  Pharm.  [3] 

xxv.  301. 
Physeter. — Investigation  of  the  fat  from  the  head  of  the  spermaceti  whale 

{Physeter   macrocephalus) :    by  P.    Gotthard  Tlofstddter.      Ann.  Ch. 

Pharm.  xci.  177  ;  Chem.  Gaz.  1854,  464. 
Plants. — Absorption  of  atmospheric  nitrogen  by  plants  :  by  G.  Fille.     Compt. 

rend,  xxxviii.  705,  723. 

On  the  carbonate  of  lime  pre  existing  in  plants  in  their  normal  state,  and 

on  its  estimation  :  by  if.  Pay  en.     Compt.  rend,  xxxviii.  241. 

On  the  electricity  of  plants:  by  H.  Buff.     Ann.  Cli.  Pharm.  Ixxxix.  76; 

Phil.  Mag.  [4]  vii.  122. 

On  the  influence  of  the  solar  radiations  on  the  vital  powers  of  plants 

growing  under  different  atmospheric  conditions,  Part  II. :  by  /.  H. 
Gladstone.     Chem.  Gaz.  1854,  417;  Pharm.  J.  Trans,  xi.  231. 

'  On  the  occurrence  of  zinc  in  plants  :  by  A.  Braun.     Pogg.  Ann.  xcii   179  ; 

J.  Pharm.  [3]  xxvi.  237;  Phil.  Mag.  [4]  viii.  156. 

On  the  green  colour  of  plants  :  by  A.  J.  Angstrom.     Pogg.  Ann.  xciii.  475. 
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Platiiiu-m. — New  researches  on  the  metals  contained  in  platinum-ore:  by 
E.Fremy.  Compt.  rend,  xxxviii.  1008;  Chem.  Gaz.  1854,  2-11;  J. 
Pharm.  [3]  xxvi.  99  ;  Chem,  Soc.  Qu.  J.  vii.  250  ;  J.  pr,  Chem.  Ixii,  340, 

Existence  ol"  platinum  in  the  Departement  de  I'lsere :  by  E.  Gueymard. 

Compt.  rend,  xxxviii.  941. 

Analytical  examination  of  platinum  from  the  Alps :    by  E.  Gueymard. 

Ann.  Min.  [5]  v.  165. 

Note  on  platinum  accompanying  silver  in  solution  in  nitric  acid:  by 

H.  How.     Chem.  Soc.  Qu.  J.  vii.  44;  Chem.  Gaz.  1854,  209. 

On  the  fluorescence  exhibited  by  certain  iron-  and  platinum-salts:  by 

/.  //.  Gladstone.     Chem.  Gaz.  1854,  420. 

On  the  fractional  crystallisation  of  platinum-salts:    by  C.  G.  Williams, 

Phil.  Mag.  [4]  viii.  209. 

On  the  platino-tersulphocyanides  and  the  platino-bisul])hocyanides,  two 

new  series  of  salts,  and  their  decompositions:    by  G.  B.  Buckton. 
Chem.  Soc.  Qu.  J.  vii.  22. 

On  the  constitution  of  the  platinum  bases :  by  C.  Glaus.     Bull,  de  St.- 

Petcrsb.  CI.  Phys.  Math.  xiii.  97 ;  Chem.  Gaz.  3  854,  451. 
Plum.— Analysis  of  the  ash  of  the  fruit  of  Prunus  domestica.     J.  pr.  Chem. 

Ixii.  503. 
Plumb  ethyl. —On  plumbides  of  ethyl,  or  plumbethyls  :  by  KarlLowig.    Ann. 

Ch.  Pharm.  Ixxxviii.  318 ;  Chem.  Soc.  Qu.  J.  vii.  208. 
Pneumatic  Trough.— Apparatus  serving  as  a  pneumatic  trough  with  water 

and  mercury  :  by  0.  Henry.     J.  Pharm.  [3]  xxvi.  270. 
Polishing  Powder.— On  the  preparation  of  rouge  (red  oxide  of  iron)  as  a 
polishing  powder  for  glass  and  metals:  by  A.  Fogel,jun.     Chem.  Gaz. 
1854,410. 
Pollen. — On  the  chemical  constitution  of  pollen  :  by  3IM.  FrSmy  and  Cloez. 

J.  Pharm.  [3]  xxv.  161  ;  Chem.  Gaz.  1854,  269. 
Polychroism.— See  Colour. 
Polymorphism. — See  Crystalline  Form. 
Poppy. — Estimation  of  the  alkaloids  in  poppy-capsules:    by  T.  H.  Groves. 

Pharm.  J.  Trans,  xiv.  203. 
Potash. — Preparation  of  pure  caustic  potash.     Pharm.  J.  Trans,  xiii.  634. 

On  red  i)russiate  of  potash:  by  W.  Wallace.     Cliem.  Soc.  Qu.  J.  vii.  77. 

On  crystallised  manganate  of  potash :  by  Constantin  Zwenger.    Ann.  Ch. 

Pharm.  xci.  46. 
Potassium. — Action  of  nitric  acid  on  the  chlorides  of  potassium  and  sodium. 
Action  of  oxalic  acid  on  the  nitrates  and  chlorides  of  the  same,  with  a 
ready  method  of  converting  them  into  carbonates :    by  /.  L.  Smith. 
Sill.  Am.  J.  [5]  xvi.  373  ;  Chem.  Gaz.  1854,  12. 

•  Improvements  in  obtaining  iodide  of  potassium  when  treating  certain 

metals  (Lyte's  patent).     Chem.  Gaz.  1854,  160. 
Potatoes. — On  the  composition  of  the  ashes  of  potato-tubers:    by  Moser. 
Wien.  Akad.  Ber.  xi.  667. 

On  the  inorganic  constituents  of  potatoes :  by  C.  Schulz  Fleeth.     Pogg. 

Ann.  xcu,  193. 
Pressure. — Influence  of  pressure  on  the  permanence  of  chemical  com]30unds. 

Pharm.  J.  Trans,  xiii.  635. 
Propylamine.— -On  the  occurrence  of  propylamine  in  the  ilowers  of  Cratcegus 
oxyacantha :  by  W.  Wicke.     Ann.  Ch.  Pharm.  xci.  121. 
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Protein. — On  somo  decomposition-products  of  the  so-called  protein-compounds: 
by  JDr.  Miihlhauser.     Ann.  Ch.  Pliarm.  xc.  171 ;  J.  pr.  Chem.  Ixii.  512. 

Pseudomorphosi s. — Sec  Crystalline  Form. 

Ptyc hates. — Stearoptere  of  the  oil  of  Ftychates  ajowan :  by  /.  Stenhouse. 
Pharm.  J.  Trans,  xiv.  274. 

Pus. — Researches  on  pus:  by  M.  Bergeret.     Compt.  rend,  xxxix.  283. 

Putrefaction. — Influence  of  the  air  on  fermentation  and  putrefaction:  by 
MM.  Schroder  and  Dusch.  Ann,  Ch.  Pharm.  Ixxxix.  233;  J.  Pharm. 
[3]  XXV.  314. 

Pyridine. — On  the  presence  of  pyridine  among  the  volatile  bases  in  the 
naphtha  from  the  bituminous  shale  of  Dorsetshire,  and  on  the  frac- 
tional crystallisation  of  platinum-salts :  by  C.  G.  Williams.  Phil. 
Mag.  [4]  viii.  209. 

Pyroguaiacine. — On  pyroguaiacine  :  by  E.  Ehermayer.  J.  pr.  Chem.  Ixii. 
291  ;  Chem.  Gaz."  1854,  386. 

Pyroretin. — On  j>yroretin,  a  fossil  resin  from  the  brown  coal  strata  of 
Bohemia  :  by  A.  Reuss.     Wien.  Akad.  Ber.  xii.  551. 

Pyro tartrates. — On  pyrotartrate  of  ammonia,  and  bijiyrotartramide :  by 
E.  Arppe.  Ann.  Ch.  Phys.  [3]  xlii.  242;  Chem,  Gaz,  1854,  150; 
J.  Pharm.  [3]  xxvi.  398, 

Q. 

Quassia-wood, — Sulphate  of  soda  contained  in  quassia  wood:  by  G.  JFhipple. 

Pharm.  J.  Trans,  xiii.  643. 
Quercitrin. — On  quercitrin:  by  L.  Rigaud.     Ann.  Ch.  Pharm.  Ixxxviii.  13G  • 

xc.  283;  Ann.  Ch.  Phys.  [3]  xlii.  244;  Chem.  Gaz.  1854,  428. 
Quinine, — On  the  constitution  of  quinine :  by  A.  StrecJcer.     Ann,  Ch,  Pharm. 

xci,  155 ;    ahstr.  Compt.  rend,  xxxix.  58;   Chem,  Soc.  Qu,  J.  vii.  278  • 

Ann,  Ch.  Phys.  [3]  xlii.  369. 

Mode  of  distinguishing  quinine  from  quinidine  :  by  R.  Howard.     Pharm. 

J.  Trans,  xiv.  14. 

On  quinine  and  quinidine:  by  Dr.  Kevins.     Pharm.  J.  Trans,  xiii.  665. 

• On  a  modification  of  Vogel's  test  for  quinine  :  by  M.  v.  Klitzinsky.     Chem 

Gaz.  1854,  177. 
-- —  Methods  of  testing  the  purity  of  sulphate  of  quinine.     J,  Pharm,  [3] 

xxiv,  436, 

Adulteration  of  sulphate  of  quinine  with  sulphate  of  soda :  by  R.  Lehmann 

Pharm.  J.  Trans,  xiv.  179. 

Manufacture  and  consumption  of  quinine  in  the  United  States,     Pharm. 

J.  Trans,  xiii,  620,  672. 

Manufacture  of  sulphate  of  quinine.     Pharm.  J.  Trans,  xiv.  29. 

Preparation  of  sulphate  of  quinine.     J.  pr.  Chem.  Ixii.  505, 

Additional  directions  and  improvements  in  the  manufacture  of  artificial 

tourmalines  (sulphate  of  iodoquinine) :  by  }F.  B.  Herapath.    Pharm. 
J.  Trans,  xiii*449, 

Action  of  carbonic  acid  on  quinine  and  cinchonine — Formation  of  crystal- 

lised carbonate  of  quinine :  by  M.  Langlois.     Ann.  Ch,  Phys,  [3]  xli. 
89 ;  J.  Pharm.  [3]  xxvi,  132. 

On  the  red  colour  produced  with  quinine  and  ferrocyanide  of  potassium  : 

by  A.  Fogel     Chem.  Gaz.  1854,  78. 


366  TJTUES    (>.V    CII!:.MICAL    PAPERS 

Quinoile. — Oa  a  class  of  compounds  homologous  with  quinoile  and  its 
derivatives :  by  A.  Lallemand.  Compt.  rend,  xxxviii,  1022  ;  Chem, 
Gaz.  1854,  244. 


E. 

Radicals. — Note  on  a  new  series  of  metallic  radicals  :  by  M.  Bonis.     Compt. 
rend,  xxxix.  288;  Chem.  Gaz.  1854,  852. 

On  the  physiological  properties  of  some  of  the  organic  radicals — methyl, 

ethyl,  amyl,  &c. :  by  /.  Turnbull.     Pharm.  J.  Trans,  xiv.  282. 
■  Researches  on   new  organic  radicals   containing  arsenic :  by  A.  Cahours 

and  A.  Riche.     Compt.  rend,  xxxix.  541 ;  Chem.  Gaz.  1854,  40J . 
Rape-cake.— On  the  nutritive  value  of  rape-cake:   by  E.  Wolf.     Chem.  Gaz. 

1854,  9. 
Rattlesnake. — On  the  poison  of  the  rattlesnake.     Pharm.  J.  Trans,  xiii.  6-U. 
R  0  s  i  n  s. — On  emulsions  of  resins  and  gum-resins  :  by  M.  Constantin.     J.  Pharm. 

[3]  xxvi.  38;  Pharm.  J.  Trans,  xiv.  178. 

On   the   resin  of  birch   [Betula   alba)  :  by  M.  Kossmann.     J,  Pharm.  [3] 

xxvi.  197. 

On  the  products  of  the  distillation  of  guaiac-resin :  by  C.  Volckel.     Ann. 

Ch.  Pharm.  l>txxix.  345;  J.  Pharm.  [3]  xxv.  390. 

Examination  of  the  purity  of  jalap  and  scammony  resins  :  by^.  Buchner, 

Pharm.  J.  Trans,  xiv.  38. 

On  pyroguaiacin,  a  new  crystalline  product  obtained  by  the  dry  distilla- 

tion of  guaiac  resin  ;  by  E.  Bbermayer.     J.  pr.  Chem  Ixii.  291. 

Fossil  resin  from  Salesel,  near  Aussig  :  by  /.  Stanch.    VVien.  Akad.  Ber. 

xii.  554. 
Respiration. — On  the  formation  of  ammonia  in  respiration:  by  MM.  Fiale 
and  Latini.     J.  Pharm.  [3]  xxvi.  299. 

Chemical  in-'^estigations  on  the   respiration  of  the   Cobitis  fossilis :  by 

M.Baumert.     Ann.  Ch.  Pharm.  Ixxxviii.  1. 
Rhinoceros. — Examination  of  the  horny  excrescence  on  the  nose  of  the 

rhinoceros:  by  Man.  Saenz.  Diez.      Ann.  Ch.  Pharm.  xc.  303;  J.  pr. 

Chem.  Ixiii.  55. 
Rocks. — On  Von  Waltershausen's  theory  of  the  formation  of  rocks:    by  ^. 

Bunsen.     Ann.  Ch.  Pharm.  Ixxxix.  90. 

Researches  on  the  artificial  formation  of  silicates  and  aluminates  by  the 

action  of  vapours  on  rocks.      Compt.  rend,  xxxix.  135;  J.  pr.  Chem. 

Ixiii.  1. 
. On  the  composition  and  metamorphoses  of  some  sedimentary  rocks :  by 

T.  S.  Hunt     Phil.  Mag.  [4]  vii.  233. 
•  Researches  on  the  alteration  of  stratified  rocks  under  the  influence  of 

atmospheric  agents  and  infiltration- water:    by  M.  Ebeltnen.      Ann. 

Min.  [5 J  iv.  188. 
•  On  the  action  of  alkalies  on  rocks :  by  M.  Delesse.     Phil.  Mag.  [4]  vii. 

100  ;  Ann.  Ch.  Phys.  [3]  xli.  464. 

On  the  more  or  less  real   metamorphism   of  rocks  :    by  M.  JJelanoue. 

Compt.  rend,  xxxix.  305. 

On  the  produce  obtained  from   barley  sown  in  rocks  of  various  ages :  by 

C.  Daubeny.     Chem.  Soc.  Qu.  J.  vii.  289 
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Roots. — On  the  behaviour  of  the  roots  of  different  species  of  plants  in  saline 
solutions :  by  G.  Herth.     Ann.  Ch.  Pbarm.  Ixxxix,  834. 

Rye. — On  the  inorganic  constituents  of  rye  in  different  stages  of  its  growtb  : 
by  Schulz-Fleeth.     Pogg.  Ann.  xcii.  419. 


Salamander. — Examination    of  the   poison   of   Salamandra  maculata  :    by 

Alhini.     Wien.  Akad.  Ber.  xi.  1048. 
8alicyl. — Researches  on   some  new  compounds  of  salicyl  :    by  C.  Gerhardl. 

Compt.  rend,  xxxviii.  32;  Chem.  Soc.  Qa.  J.  vii.  60  ;  Ann.  Ch.  Pliarm. 

Ixxxix.  360. 

On  the  salicylic  ethers:  by  A.  Cahours.     Compt.  rend,  xxxix.  256  ;  Chem. 

Gaz.  1854,  356. 

Researches  on  the  salicylic  ethers :  by  Ch.  Brion.     Compt.  rend,  xxxix.  122. 

Saline  Deposits.— On  the  saline  deposits  in  the  lakes  of  Toledo :  by  J/urioz 

y  Luna.     J.  Pharm.  [3]  xxvi.  125. 
Saline  Solution s. — Memoir  on  saline  solutions :  by  A. Michel  and  L. Krafft. 

Ann.  Ch.  Phys.  [3]  xli.  471. 
Salt.— On  the  action  of  common  salt  in  the  formation  of  minerals:  by  /.  G. 

Forchhammer.     Pogg.  Ann.  xci.  568. 

Report  on  the  salt  and  gypsum  of  the  Preston  valley  of  the  Holston 

River,  Virginia;  by  H.  D.  Rogers.  Sill.  Am.  J.  [2]  xviii.  273. 
Saltpetre. — Natural  deposit  of  saltpetre.  Pharm.  J.  Trans,  xiv.  281. 
Salts. — On  the  constitution  of  acids  and  salts:  by  W.  Odling.     Chem.   Soc. 

Qu.  J.  vii  1. 

An  attempt  to  deduce  the  solubility  of  salts  from  their  constitution :  by 

P.  Kremers.     Pogg.  Ann.  xcii.  497. 

On  the  changes  produced  in  the  physical  properties  of  certain  salts  by 

the  entrance  of  water  of  crystallisation :  by  P.  Kremers.     Pogg.  Ann. 
xciii.  153. 

On  the  deliquescence  and  efflorescence  of  salts:  hy  P.  Kremers.     Pogg. 

Ann.  xci.  283 ;  Chem.  Gaz.  1854,  247. 

Decomposition  of  salts  dissolved  in  water  by  the  voltaic  battery :  by 

/.  Ch.  d" Almeida.     Compt.  rend,  xxxviii.  682. 

On  the  optical  properties  of  certain  salts :  by  H.  de  Senarmont.      Ann. 

Ch.  Phys.  [3]  xli.  336. 

Action  of  phosphorus,  sulphur,  arsenic,  and  antimony,  on  certain  salts  : 

by  M.  Slater.     J.  pr.  Chem.  Ix.  247  ;  J.  Pharm.  [3]  xxv.  291. 

On  the  water  of  crystallisation  of  certain  double   salts:   by  H.  Rose. 

Pogg.  Ann.  xciii.  1. 
San  to  nine. — On  the  decomposition  of  santonine  by  potash:    by  C.  Banfi. 

Ann.  Ch.  Pharm.  xci.  112  ;  J.  Pharm.  [3]  xxvi.  319. 
Saponin e. — Researches  on  saponine:   by  Rochleder  and  Schwartz.      J.  pr. 

Chem.  Ix.  29*;  J.  Pharm.  [3]  xxv.  72  ;  Chem.  Gaz.  1854,  1. 

On  saponine  and  seneguine:  by  F.A.Bolley.     Ann.  Ch.  Pharm.  xc.  211  ; 

J.  Pharm.  [3]  xxvi.  158;    Chem.  Gaz.  1854,  330       Addendum:  Ann. 
Ch.  Pharm.  xci.  117. 
Sarcina. — Chemical  and  microscopical  examination  of  Sarcina  ventriculi :  by 
W.  W.  Stoddart.     Pharm.  J.  Trans,  xiv.  116. 
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Sarsaparilla. — Remarks  on  sarsaparilla :    hy  B.  Seeman.     Pharm.  J.  Trans, 
xiii.  385. 

On  decoction  of  sarsaparilla :  by  /.  Robertson.     Pharm.  J.  Trans,  xiii,  641. 

Sebates. — On  the  products  of  the  distillation  of  sebate  of  lime:  by  C.  Calvi. 

Ann.  Ch.  Pharm.  xci.  100. 
Seeds. — Absorption  of  water  by  seeds   during  germination:    by    G.  Herth, 

J.  pr.  Chem.  Ixiii.  49. 
Selenium. — On  selenide  of  ethyl,  or  selenethyl :  hy  C.  J.  Joy.     Chem.  Soc. 

Qu.  J.  vii.  93. 

On  the  specific  gravity  of  selenium.     Chem.  Gaz.  1854,  476. 

Seneguin e. — See  Saponine. 

Shale. — On  the  volatile  bases  produced  by  destructive    distillation  of   the 

bituminous  shale  of  Dorsetshire  :  by  C.  G.  Williams.     Chem.  Soc.  Qu. 

J.  vii.  97;  Chem.  Gaz.  1854,  281. 
Shells. — On  the  chemical  composition  of  recent  and  fossil  linguleB,  and  some 

other  shells  :  by  W.  E.  Logan  and  T.  S.  Hunt.    Phil.  Mag.  [4]  vii.  326. 
Silica. — On  silica  and  some  of  its  applications  to  the  arts:  by  J.  Barlow. 

Chem.  Gaz.  1854,  217. 
Silicates. — On  the  separation  of  protoxide  and  sesquioxide  of  iron  in  certain 

silicates:  by  F.  v.  Kobell.     Ann.  Ch.  Pharm.  xc.  244. 

On  the  so-called  silico-titanates  and  silico-tantalates :   by  /.  D.  Dana. 

Sill.  Am.  J.  [2]  xviii.  253. 

Researches  on  the  artificial  formation  of  silicates  and  aluminates  by  the 

action  of  vapours  on  rocks  :  by  A.  Daubree.     Compt.  rend,  xxxix.  135 ; 

J.  pr.  Chem.  Ixiii.  1. 
Silicium. — On  a  new  form  of  silicium:    by  //.  Ste.-Claire  Deville.     Compt. 

rend,  xxxix.  321;  Chem.  Gaz.  1854,  301  ;  J.  Pharm.  [3]  xxvi.  285. 
■  Electro- deposition  of  aluminium  and  silicium :  by  G.  Gore.    Phil.  Mag. 

[4]  vii.  227. 

Preparation  of  silicium  by  electrolysis :  by  JF.  Gore.    J.  pr.  Chem.  Ixi. 

447  ;  J.  Pharm.  [3]  xxv.  475. 
gilver. — Experiments  on  the  extraction  of  silver.     J.  pr.  Chem.  Ixii.  231. 
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Japanese  pepper,  the  fruit  of  the  Xanthoxylum  piperitum  of  De 
Candolle  :  by  /.  Stenhouse.  Phil.  Mag.  [4]  vii.  28  ;  Ann.  Ch.  Pharm. 
Ixxxix.  251;  Pharm.  J  Trans,  xiii.  423;  J.  Pharm.  [3]  xxv.  399; 
Ann.  Ch.  Phys.  [3]  xcii.  192. 


Zinc. — On  siliceous  zinc-ore  (Kieselzinkerz) :    by  H.  Dauber.      Pogg.  Ann. 
xcii.  245. 

On  the  occurrence  of  zinc  in  plants :  by  J.  Braun.     Pogg.  Ann.  xcii.  179 ; 

J.  Pharm.  [3]  xxvi.  237 ;  Phil.  Mag.  [4]  viii.  156. 

Detection  of  cadmium  in  oxide  of  zinc  :  by  M.  Barreswil.    J.  Pharm.  [3] 

xxvi.  196. 

Preparation  of  oxide  of  zinc  free  from  iron  •  bj  H.  Gruneherg.     Pharm. 

J.  Trans,  xiii.  634. 

Quantitative  separation  of  nickel  and  zinc.    Ann.  Ch.  Pharm.  Ixxxix.  376. 

■ Chemical  examination  of  some  alloys  of  copper  and  zinc :  by  D.  Forbes. 

Chem.  Gaz.  1854,  393. 

On  some  thermo-electric  properties  of  the  metals  zinc  and  silver:  by 

n.  Adie.     Chem.  Soc.  Qu.  J.  vii.  309. 

On   stibiotrizincyl  and   stibiozincyl,   two  new  compounds  of  zinc   and 

antimony,   with   some   remarks   on   the  decomposition  of  water  by 
alloys  of  these  metals  :  by  /.  P.  Cooke.     Sill.  Am.  J.  [2]  xviii.  229. 
Zircon i a. — New  test  for  zirconia:    by   G.  J.  Brush.      J.  pr.   Chem.  Ixii.  7  ; 
Sill.  Am.  J.  [2]  xviii.  414. 


INDEX. 


Abel,  J.  S.,  aud  R.  I.  Morley,  on  the  ac- 
tion of  iodide  of  ethyl  on  toluidine,  68. 

Acetate  of  capryl,  288. 

of  phenyl,  241. 

Acetone,  on  the  action  of  hydrochloric  acid 
upon  a  mixture  of,  and  alcohol,  246. 

Acid,  acetic,  sulphuretteJ,  189. 

anhydrous  sulphuretted  acetic,  189. 

— —  benzoic,  an  attempt  to  obtain  the  acids 
homologous  with,  from  the  corresponding 
hydrocarbons,  245, 

on  the  alcohol  corresponding  to, 

by  S.  Cannizzaro,  192. 

Acids,  critical  observations  on  William- 
son's theory  of  water,  ethers,  and,  by  H. 
Kolbe,  111. 

Acid,  hydrochloric,  on  the  action  of,  upon  a 
mixture  of  acetone  and  alcohol,  246. 

hydroplatino-bisulphocyanic,  35. 

hydroplatino-tersulphocyanic,  30. 

hippuric,  on  the  formation  of  nitride  of 

benzoyl   from,  by  Dr.  Limpricht    and 
VonUslar,  191. 

nitric,  on  the  decomposition  of  brucine 

by,  by  A.  Strecker,  273. 

Acids,  on  a  new  series  of  sulphuretted,  by 
A.  Kekule,  188. 

on  the  compounds  of  glycerine  with, 

by  M.  Berthelot,  282. 

on  the  constitution  of,  and  salts,  by 

W.  Odling,  1. 

Acid,  phosphorous,  on  some  new  compounds 
of,  by  R.  Railton,  216. 

propionic,  on  a  new  mode  of  formation 

of,  by  A.  Strecker,  276. 

sulphuric,  action  of,  on  the  compound 

CyHjeOa,  229. 

note  OTi  the  decomposition  of,  by 

pentachloride  of  phosphoi-us,  by  A.  Wil- 
liamson, 180. 

•————■  on  the  occurrence  of  ozone  and 


peroxide  of  hydrogen  in  the  electrolysis 
of,  by  H.  Meidinger,  251. 
—  thiacetic,  189.  ^ 


Acid,  tannic,  on  the  composition  of,  by  A. 

Strecker,  271. 
A  d  ie,  R.,  on  some  of  the  thermo-electric  pro- 
perties of  the  metals  zinc  and  silver,  309. 
Alcohol,  caprylic,  on,  and  its  derivatives,  by 

J.  Bonis,  286. 
on  an,  in  the  wax  of  Copernicia  ceri- 

fera,  by  N.  S.  Maskelyne,  192. 
on  the  action  of  hydrochloric  acid  upon 

a  mixture  of  acetone  and,  246. 
on  the,  corresponding  to  benzoic  acid, 

by  S.  Cannizzaro,  192. 
methylic,    on  the  preparation   of,  by 

W.  Gould,  311. 
Ammonia,  action  of,  upon  the  platino-sulpho- 

cyanides,  36. 
Ammonia-bases,  on  the  action  of  chloride  of 

cyanogen  on  the,  by  A.   Cahours  and 

Cloez,  184. 
A  marine,  furfurine,  and  a  new  base,  anisine, 

on  the  formation  of,  by  C.  Bertagnini,  95. 
Ammonium,  platino-tersulphocyanide  of,  31. 
Ammonia,   preliminary  notice  on  the  action 

of,    on   the    oils   and   fats,    by   Th.    H. 

Rowney,  200. 
Analysis,  organic,  Magnus's  gas  apparatus 

for,  250. 
Anisine,  amarine,  and  furfurine,  on  the  for- 
mation of,  by  C.  Bertagnini,  95. 
Anniversary  meeting,  144. 
Arsenbiethyl,  iodide  of,  262. 
Arsenethylium,  266. 

chloride  of,  267- 

iodide  of,  267. 

oxide  of,  266. 

sulphate  of,  268. 

Arsenethvls,    or  arsenides  of  ethyl,  by  H. 

Landolt,  258. 
Arsenides  of  ethyl,   or   arsenethyls,  by  H. 

Landolt,  258. 
Arsenbiethyl,  or  vinocacodyl,  261. 
Arsentriethyl,  263. 

chloride  of,  266. 

'  ioilidc  of,  l'65. 

nitrate  of,  266. 


INDEX. 


379 


Arsentriethyl,  oxide  of,  263. 

sulphide  of,  264. 

Ash    of    lemon-juice,  analysis  of   the,    by 

H.  M.  Witt,  44. 
Atacamite,  on  the  composition  of  a  specimen 

of,  from  the  province  of  Copiapo,  Chili, 

by  F.  Field,  193. 

B. 

Barium,  platiuo-tersulphocyanide  of,  31. 

peroxide   of,    further   experiments   as 

to  the  reduction  of  metallic  oxides  by  the, 
by  B.  C.  Brodie,  304. 

Barley,  on  the  produce  obtained  from,  sown 
in  rocks  of  various  ages,  by  C.  Daubeny, 
289. 

Baryta,  sulphoeaprylate  of,  287. 

Bases,  on  the  volatile,  produced  by  destruc- 
tive distillation  of  the  bituminous  shale  of 
Dorsetshire,  by  C.  G.  Williams,  97- 

Benzoate  of  ethylo-salicyl,  61. 

Benzoate  of  methylo-salicyl,  61. 

3enzochlorhydrin,  284. 
Jenzol,  on  a  new  compound  obtained  from, 
by  the  action  of  chloride  of  iodine,   by  J. 
Spencer,  244. 

Benzoyl,  on  the  formation  of  nitride  of,  from 
hippuric  acid,  by  Dr.  Limpricht  and 
VonUslar,  191. 

Bertagnini,  C,  on  tbe  formation  of  ama- 
rine,  furfurine,  and  a  new  base,  anisine, 
95. 

Berthelot,  M.,  on  the  compounds  of  glyce- 
rine with  acids,  282. 

Bonis,  J.,  on  caprylic  alcohol  and  its  deri- 
vatives, 286. 

Brodie,  B.  C,  further  experiments  as  to 
the  reduction  of  metallic  oxides  by  the 
peroxide  of  barium,  304. 

Bromide  of  methylo-plumbethyl,  270. 

Bromide  of  selenethyl,  95. 

Brucine,  on  the  decomposition  of,  by  nitric 
acid,  by  A.  Strecker,  273. 

Buckton,  G.  B.,  on  the  platino-tersulpho- 
cyanides  and  the  piatiuo-bisulphocyanides, 
two  new  series  of  salts,  and  their  decom- 
positions, 22. 


c. 


Cacotheliue,  273. 

Cahours,  A.,  and  Cloez,  on  the  action  of 
chloride  of  cyanogen  on  the  ammonia- 
bases,  184, 

Cannizzaro,  S.,  on  the  alcohol  correspond- 
ing to  benzoic  acid,  192. 

Cai)ryl,  acetate  of,  288. 

chloride  of,  288. 

—  iodide  of,  288. 


Caprylic  alcohol,  on,  and  its  derivatives,  by 
J.'Bouis,  286. 

Caprylamine,  on,  by  W.  S.  Squire,  108. 

Caprylene,  287. 

Carbonate  of  methylo-plumbethyl,  269. 

Carmidine,  103. 

Chemical  notes,  by  J.  Spencer,  244. 

Chloride  and  iodide  of  nitrogen,  on  the  so- 
called,  by  J.  H.  Gladstone,  51. 

Chloride  of  arsenethylium,  267. 

of  capryl,  288. 

of  arsentriethyl,  266. 

of  cyanogen,  on  the  action  of,  on  the 

ammonia-bases,  by  A.  Cahours  and 
Cloez,  184. 

of  iodine,  on  a  new  compound  ob- 
tained from  benzol  by  the  action  of,  by 
J.  Spencer,  244. 

of  methylo-plumbethyl,  270. 

of  phenyl,  238. 

of  selenethyl,  94. 

Chlorine  gas  and  nitric  acid,  on  the  action 
of,  upon  the  platino-sulphocyanides,  40. 

Chloroform,  on  some  new  derivatives  of,  by 
G.  Kay,  224. 

Cinnamon,  artificial  production  of  oil  of,  by 
A.  Strecker,  280. 

Cloez  and  A.  Cahours,  on  the  action  of 
chloride  of  cyanogen  on  the  ammonia- 
bases,  184. 

Coal-tar,  on  the  constitution  of  commercial 
creosote  from,  by  J.  Fairlie,  232. 

Cobalt,  on  a  new  saline  compound  of,  by  E. 
St.  Evre,  86. 

Commercial  red  prussiate  of  potash,  valua- 
tion of,  79. 

Copernicia  cerifera,  on  an  alcohol  in  the  wax 
of,  by  N.  S.  Maskelyne,  192. 

Copper,  action  of  sugar  on,  199. 

jdatino-tersulphocyanide  of,  32. 

Cotton,  on  the  substitution-compounds  ob- 
tained by  the  action  of  nitric  acid  on,  by 
E.  A.  Hadow,  201. 

Creosote,  commercial,  on  the  constitution  of, 
from  coal-tar,  by  J.  Fairlie,  232. 

Cuminate  of  methylo  salicyl,  61. 

Cyanic  ethers,  on  the  decomposition  of  the, 
by  A.  Wurtz,  91. 

Cyanic  ethylanilide,  185. 

Cyanide  of  phenyl,  242. 

Cyanogen,  on  the  action  of  chloride  of,  on 
the  ammonia-bases,  by  A.  Cahours  and 
Cloez,  184. 


D. 


Daubeny,  C,  on  the  produce  obtained  from 
barley  sown  in  rocks  of  various  ages,  289. 
Dichlorhydrin,  283. 
Diethylotoluidine,  72. 


380 


INDEX. 


Diethylin,  284. 

Diplatosammouium,  platino-bisulphocyanide 
of,  39. 

E. 

Electrolysis,  on  the  occurrence  of  ozone  and 

peroxide  of  hydrogen  in  the,  of  sulphuric 

acid,  by  H.  Meidinger,  251. 
Ethers,  on  the  decomposition  of  the  cyanic, 

by  A.  Wurtz,  91. 
critical  observations  on  Williamson's 

theory  of  water  and  acids,  by  H.  Kolbe, 

111. 
Ether,  sulphuretted  acetic,  190. 
Ethylanilide,  cyanic,  185. 
Ethyl,  arsenides  of,  or  arsenethyls,  by  H. 

Landolt,  258. 
< on  the  action  of  iodide  of,  on  toluidine, 

by  R.  I.  Morley  and  J.  S.  Abel,  68. 
plumbides  of,  or  plumbethyls,  by  K. 

Lowig,  268. 
seleuide   of,    or  selenethyl,   by  C.  A. 

Joy,  93. 

thiacetate  of,  190. 

Ethylo-quinine,  279. 

Ethylo-salicyl,  benzoate  of,  61. 

Ethylo-toluidine,  70. 

Evre,  E.  St.,  on  a  new  saline  compound  of 

cobalt,  86. 


F. 


Fairlie,  J.,  on  the  constitution  of  commer- 
cial creosote  from  coal-tar,  232. 

Fats,  preliminary  notice  on  the  action  of  am- 
monia on  the  oils  and,  by  Th.  H.  Ro  wney, 
200. 

Eerricyanide  of  potassium,  solubility  of,  80, 

Field",  F.,  on  the  composition  of  a  specimen 
of  atacamite  from  the  province  of  Co- 
piapo.  Chili,  193. 

on  the  analysis  of  a  surface -soil  from 

the  Desert  of  Atacama,  308. 

Formulae,  on  Dr.  Kolbe's  additive,  by  A. 
Williamson,  122. 

Fremy,  E,,  new  researches  on  the  metals 
accompanying  platinum  in  the  ore,  256. 

Furfurine,  amarine,  and  a  new  base,  anisine, 
on  the  formation  of,  by  C.  Bertagnini, 
95. 


Gas  apparatus,  Magnus's,  for  organic  ana- 
lysis, 250. 

Gerhardt,  Ch.,  on  some  new  compounds  of 
salicyl,  60. 

Gladstone,  J.  H.,  on  the  corrosive  action 
of  sugar  on  iron  and  other  metals,  195. 


Gladstone,  J.  H.,  on  the  so-called  iodide 

and  chloride  of  nitrogen,  51. 
Glycerine,  on  the  compounds  of,  with  acids, 

by  M.  Berthelot,  282. 
Gmelin,  Leopold,  obituary  notice  of,  144. 
Gould,  W.,  on  the  preparation  of  methylic 

alcohol,  311. 


Hadow,  E.  A.,  on  the  substitution-com- 
pounds obtained  by  the  action  of  nitric 
acid  on  cotton,  201. 

Harrogate,  chemical  analysis  of  the  miners, 
waters  of,  by  A.  W.  Hofmann,  161. 

Hofmann,  A.  W,,  chemical  analysis  of  the 
mineral  waters  of  Harrogate,  161. 

How,  H.,  note  on  platinum  accompanying 
silver  in  solution  in  nitric  acid,  48. 

Hydrogen,  on  the  occun'ence  of  ozone  and 
peroxide  of,  in  the  electrolysis  of  sulphuric 
acid,  by  H.  Meidinger,  251. 

Hydrargethyl,  on  some  compounds  of  hy- 
drargoniethyl  and,  by  A.  Strecker,  277. 

Hydrocyanaldine,  on,  by  A.  Strecker,  275. 

Hydruret  of  phenvl,  242. 


Iodide  and  chloride  of  nitrogen,  on  the  so- 
called,  by  J.  H.  Gladstone,  51. 

Iodide  of  arsenbiethyl,  262, 

of  arsenethylium,  267. 

of  arsentriethyl,  265. 

of  capryl,  288. 

of  ethvl,  on  the  action  of,  on  toluidine, 

by  R.  I.  Morley  and  J.  S.  Abel,  68. 

of  methylo-plumbethyl,  270. 

of  methylo-quiuine,  279. 

of  phenyl,  243. 

of  selenethyl,  95. 

Iodine,  on  a  new  compound  obtained  from 
benzol  by  the  action  of  chloride  of,  by  J. 
Spencer,  244. 

Iron,  platino-tersulphocyauide  of,  27. 

on  the  coiTosive  action  of  sugar  on, 

and  other  metals,  by  J.  H.  Gladstone, 


J. 

Joy,  C.  A.,  on  selenide  of  ethyl,  or  selen- 
ethyl, 93. 


K. 


Kay,  G.,  on  some  new  derivatives  of  chloro- 
form, 224. 

Kekule,  A.,  on  a  new  series  of  sulphuretted 
acids,  188. 


INDEX. 


381 


Kolbe,  H.,  critical  observations  on  Wil- 
liamson's theory  of  water,  ethers,  and 
acids,  111. 

Kolbe's  additive  formulse,  by  A.  "William- 
on,  122. 

L. 

Landolt,  H.,  arsenides  of  ethyl,  or  arsen- 
ethyls,  258. 

Laurent,  Auguste,  obituary  notice  of,  149. 

Lead,  action  of  sugar  on,  199. 

platino-tersulphocyauide  of,  29. 

Lemon-juice,  analysis  of  the  ash  of,  by 
H.  M.  Witt,  44. 

Limpricht,  Dr.,  and  Von  Uslar,  on  the 
formation  of  nitride  of  benzoyl  from  hip- 
puric  acid,  191. 

Lowig,  K.,  plumbides  of  ethyl,  or  plumb- 
ethyls,  268. 

M. 

Magnus's  gas  apparatus  for  organic  ana- 
lysis, 250. 

Maskelyne,  N.  S.,  on  an  alcohol  in  the 
wax  of  Copernicia  cerifei-a,  192. 

Meidinger,  H,,  on  the  occurrence  of  ozone 
and  peroxide  of  hydrogen  in  the  electro- 
lysis of  sulphuric  acid,  251. 

Mercury,  action  of  sugar  on,  199. 

subplatino-tersulphocyanide  of,  26. 

Metals,  new  researches  on  the,  accompany- 
ing platinum  in  the  ore,  by  E.  Freniy, 
256. 

— —  on  the  corrosive  action  of  sugar  on  iron 
and  other,  by  J.  H.  Gladstone,  195. 

Methyl,  nitrite  of,  274. 

Mel  hylic  alcohol,  on  the  preparation  of,  by 
W.  Gould,  311. 

Methylo-plumbethyl,  268. 

bromide  of,  270. 

carbonate  of,  269. 

chloride  of,  270. 

iodide  of,  270. 

nitrate  of,  270. 

oxide  of,  269. 

sulphate  of,  269. 

Methylo-salicyl,  benzoate  of,  61. 

cuminate  of,  61. 

succinate  of,  61. 

Methylo-quinine,  iodide  of,  279. 
Morley,  R.  I.,  aud  J.  S.  Abel,  on  the  ac- 
tion of  iodide  of  ethyl  on  toluidine,  68. 

N. 

Nitrate  of  arsentriethyl,  266. 

of  methylo-plumbethyl,  270. 

— ^  of  quinine,  278.  ' 
of  selenethyl,  94. 


Nitric  acid  and  chlorine  gas,  on  the  action 
of,  upon  the  platino-sulphocyanides,  40. 

Nitric  acid,  on  the  substitution-compounds 
obtained  by  the  action  of,  on  cotton,  by 
E.  A.  Hadow,  201. 

Nitride  of  benzoyl,  on  the  formation  of,  from 
hippuric  acid,  by  Dr.  Limpricht  and 
Von  Uslar,  191. 

Nitrite  of  methyl,  274. 

Nitrogen,  on  the  so-called  iodide  and  chlo- 
ride of,  by  J.  H.  Gladstone,  51. 

Nitroglycerine,  on,  and  the  products  of  its 
decomposition  by  potash,  by  R.  Rail  ton, 
222. 

Nitrophosphate  of  phenyl,  242. 


Obituary  notice  of  Auguste  Laurent,  149. 

of  Leopold  Gmelin,  144. 

Odling,  W.,  on  the  constitution  of  acids 

and  salts,  1. 
Oil  of  cinnamon,  artificial  production  of,  by 

A.  Strecker,  280. 
Oils,    preliminary  notice  on  the   action  of 

sugar    on    the,    and    fats,    by    T.    H. 

Rowney,  200. 
Organic  analysis,  Magnus's  gas  apparatus 

for,  250. 
Organic   chemistry,    researches   in,   by   A. 

Strecker,  271. 
Othyl,  sulphide  of,  189. 

thiacetate  of,  189. 

Oxichloride  of  selenethyl,  95. 
Oxide  of  arsenethylium,  266. 

of  arsentriethyl,  263. 

of  methylo-plumbethyl,  269. 

of  phenyl,  242. 

of  triethylo-toluylammonium,  73. 

Oxides,   notice  of  further   experiments   on 

the  reduction  of  metallic,  by  peroxide  of 

barium,  by  B.  C.  Brodie,  304. 
Ozone,  on  the  occurrence  of,  and  peroxide  of 

hydrogen  in  the  electrolysis  of  sulphuric 

acid,  by  H.  Meidinger,  251. 


Penny,  Dr.,  note  on  the  valuation  of  proto- 

chloride  of  tin,  50. 
Peutachloride  of  phosphorus,   note  on  the 

decomposition  of  sulphuric  acid  by,  by  A. 

Williamson,  180. 
Peroxide  of  barium,  further  experiments  as 

to  the  reduction  of  metallic  oxides  by  the, 

by  B.  C.  Brodie,  304. 
Peroxide  of  hydrogen,  on  the  occurrence  of 

ozone  and,  in  the  electrolysis  of  sulphuric 

acid,  by  H.  Meidinger,  251. 


382 


INDEX. 


by  H. 


Phenyl,  acetate  of,  241. 

chloride  of,  238. 

cyanide  of,  242. 

hydruret  of,  242. 

iodide  of,  243. 

— —  nitrophosphate  of,  242. 

— —  on  some  new  compounds  of, 

Scrugham,  237. 

oxide  of,  242. 

tribasic  phosphate  of,  240. 

Phosphate  of  phenyl,  tribasic,  240. 
Phosphorus,  note  on  the  decomposition  of 

sulphuric  acid  by  pentachloride  of,  by  A. 

Williamson,  180. 
Platiuo-bisulphocyanide    of    diplatosammo- 

nium,  39. 
■  of  potassium,  32. 

of  silver,  34. 

Platino-sulphocyanides,  action  of  ammonia 

upon  the,  36. 

on  the  action  of  chlorine  gas  and 


nitric  acid  upon  the,  40. 
Platino-tersalphocyanide    of     ammonium, 
31. 

• of  barium,  31. 

■ of  copper,  32. 

of  iron,  27. 

of  lead,  29. 

of  potassium,  25. 

-  of  silver,  28. 
■' '  of  sodium,  32. 
Platino-tersulphocyanides,  on  the,  and  the 
platino-bisulphocyanides,  two  new  series 
of  salts,  and  their  decompositions,  by  G.  B. 
Buckton,  22. 
Platinum,  new  researches  on  the  metals  ac- 
companying, in  the  ore,  by  E.  Fremy, 
256. 
note  on,  accompanying  silver  in  solu- 
tion in  nitric  acid,  by  H.  How,  48. 
Platiuum-salt  of  ethylotoluidine,  70. 
Platosammonium,  sulphocyanide  of,  38. 
Plumbethyls,  or  plumbides  of  ethyl,  by  K. 

Lowig,  268. 
Potash,  ou  nitroglycerine  and  the  products  of 
I  ;its    decomposition  by,    by  R.  Eailton, 

232. 
— —  on  red  prussiate  of,  by  W.  Wallace, 

77. 
— —  sulphocaprylate  of,  288. 
Potassium,  platino-bisulphocyanide  of,  32. 

platino-tersulphocyanide  of,  25. 

solubility  of  ferricyanide  of,  80. 

Presideut's  address,  144. 

Proceedings  at  the  meetings  of  the  Chemical 

Society,  81, 140. 
Protochloride  of  tin,   note  on  the  valuation 

of,  by  Dr.  Penny,  50. 
Prussiate  of  potash,  on  red, by  W.  Wallace, 
77. 


Q. 

Quinine,  nitrate  of,  278. 

on  the  constitution  of,  by  A.  S  tracker, 

278. 
sulphate  of,  278. 

E. 

Railton,  R.,  on  nitroglycerine  and  the  pro- 
ducts of  its  decomposition  by  potash,  222. 

on  some  new  compounds  of  phospho- 
rous acid,  816. 

Report  of  the  Coimcil,  1 44. 

of  the  Treasurer,  160. 

Rocks,  on  the  produce  obtained  from  barley 
sown  in,  of  various  ages,  by  C.  Daubeny, 
289. 

Rowney,  T.  H.,  preliminary  notice  on  the 
action  of  ammonia  on  the  oils  and  fats, 
200. 

Russell,  W.  J.,  on  a  new  method  of  esti- 
mating sulphur,  212. 

s. 

Salicyl,  on  some  new  compounds  of,  by  Ch. 

Gerhardt,  60. 
Salted  herrings,  on  the    existence  of  tri- 
methylamine  in  the  brine  of,  by  G.  H. 
Winkles,  63. 
Salts,  on  the  constitution  of  acids  and,  by 

W.  Odling,  1. 
Scrugham,  H.,  on  some  new  compounds  of 

phenyl,  237. 
Selenethyl,  bromide  of,  95. 
— —  chloride  of,  94. 

iodide  of,  95. 

nitrate  of,  94. 

on  selenide  of  ethyl  or,  by  C.  A.  Joy, 

93. 

oxichloride  of,  95. 

Selenide  of  ethyl,  or  selenethyl,  by  C.  A. 

Joy,  93. 
Shale,  on  the  volatile  bases  produced  by  de- 
structive distillation  of  the  bituminous,  of 
Dorsetshire,  by  C.  G.  Williams,  97. 
Silver,  on  some  thermo-electric  properties  of 

zinc  and,  by  R.  Adie,  309. 
Silver,  action  of  sugar  on,  199. 
■"      note  on  platinum   accompanying,  in 
solution  in  nitric  acid,  by  H.  How,  48. 

platino-bisulphocyanide  of,  34. 

platino-tersulphocyanide  of,  28. 

Sodium,  platino-tersulphocyanide  of,  32. 
Soil,  on  the  analysis  of  a  surface-,  from  the 

Desert  of  Atacuma,  by  F.  Field,  308. 
Spencer,  J.,  on  a  new  compound  obtained 
from  benzol  by  the  action  of  chloride  of 
iodine,  244. 


INDEX. 


383 


Squire,  W.  S.,  on  caprylamine,  108. 

Subplatino-tersulphocyanide  of  mercury,  26. 

Substitution-compounds,  on  the,  obtained  by 
the  action  of  nitric  acid  ou  cotton,  by 
E.  A.  Hadow,  201. 

Succinate  of  methylo-salicyl,  61. 

Sugar,  on  the  corrosive  action  of,  on  iron  and 
other  metals,  by  J.  H.  Gladstone,  195. 

Sulphate  of  arsenethylium,  268. 

of  methylo-plumbethyl,  269. 

of  quinine,  278, 

Sulphide  of  arsentriethyl,  264. 

of  ethyl,  189. 

Sulphocaprylate  of  baryta,  287. 

Sulphocyanide  of  platosammonium,  38. 

Sulphocaprylate  of  potash,  288. 

Sulphuretted  acetic  ether,  190. 

Sulphuretted  acids,  on  a  new  series  of,  by 
A.  Kekule,  188. 

Sulphur,  on  a  new  method  of  estimating,  by 
W.  J.  Russell,  212. 

Strecker,  A.,  researches  in  organic  chemis- 
try, 271. 


Taurin,  on  the  artificial  production  of,  by  A. 
Strecker,  281. 

Thermo-electricpropertiesofzinc&silver,309. 
Thiacetate  of  ethyl,  190. 

of  othyl,  189. 

Tin,  action  of  sugar  on,  199. 

■   '    '■  note  on  the  valuation  of  protochloride 

of,  by  Dr.  Penny,  50. 
Toluidine,  on  the  action  of  iodide  of  ethyl 

on,  by  R.  I.  Morley  and  J.  S.  Abel,  68. 
Triacetin,  282. 
Tribenzoicin,  282. 
Tributyrin,  282. 

Triethylo-toluylammonium,  oxide  of,  73. 
Triraargarin,  283. 
Trimethylamine,    on   the   existence   of,    in 

the  brine  of  salted  herrings,   by  G.  H. 

Winkles,  63. 
Triolein,  282. 
Tripalmitin,  283. 
Trivalerin,  282. 


u. 

Uslar,  Von,  and  Dr.  Limpricht,  on  the 
formation  of  nitride  of  benzoyl  from  hip- 
puric  acid,  191. 

V. 

Vertidine,  99. 

Vinacacodyl,  or  arsenbiethyl,  2B1. 

w. 

Wallace,  W.,  on  red  prussiate  of  potash,  77. 

Water,  ethers,  and  acids,  critical  observations 
ou  Williamson's  theory  of,  by  H. 
Kolbe,  111. 

Waters,  chemical  analysis  of  the  mineral,  of 
Harrogate,  by  A.  W.  Hofmann,  161, 

Wax,  on  an  alcohol  in  the,  of  the  Copernicia 
cerifera,  by  N.  S.  Maskelyne,  192. 

Williams,  C.  G.,  on  the  volatile  bases  pro- 
duced by  destructive  distillation  of  the 
bituminous  shale  of  Dorsetshire,  97. 

Williamson,  A.,  note  on  the  decomposition 
of  sulphuric  acid  by  peutachloride  of  phos- 
phorus, 180. 

on    Dr.    Kolbe 's  additive  formulae, 

122. 

theory  of  water,  ethers,  and  acids,  cri- 
tical observations  on,  by  H.  Kolbe,  111. 

Winkles,  G.  H.,  on  the  existence  of  tri- 
methylamine in  the  brine  of  salted  her- 
rings, 63. 

Witt,  H.  M.,  analysis  of  the  ash  of  lemon- 
juice,  44. 

Wurtz,  A.,  on  the  decomposition  of  the 
cyanic  ethers,  91. 


Zinc,  action  of  sugar  on,  199, 

on  some  thermo-electric  properties  of, 

and  silver,  by  R.  A  die,  309, 


END  OF  VOL.  VIT. 


London : 

Wilson  and  Ogilvy, 

Skinner  Street, 


384  ERRATA. 


ERRATA  IN  VOL.  VI. 

Page  288,  line  1,  for  2  vols,  read  4  vols. 

„    288,    „    9,/or  C6H7KSO4  =    {^«f  )0,  SO3      read 

CeH,K,2S04={^6|7}o,2S03. 

„  303,     „     3, /or  754-2  rmfl?  745-2. 

„  303,  17  lines  from  bottom,  for  61-32  read  60-97 

„       „       „  „  „         for  21-535         read  21412 

„       „       „  „  „         for    0-027134  read    002697 

„       „       „  ))  ,)         for    488  read    4*852. 


ERRATA  IN  VOL.  VII. 

Page  275,  14  lines  from  bottom,  for  ethyl  read  methyl. 

„      „  23  „  „        for  O3  read  Og. 

„      „  15  „  „        for  Ci4  Hg  Og  read  C14  Hje  O^. 

„      „  10  „  „        for  H4  read  H34. 
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I. — hivestigation  of  the  Vegetable  Tallow  from  a  Chinese  Plant, 
the    '^  Stillingia  sebiferaJ' 

By  Nevil  Story  Maskelyne,  M.A.,  F.G.S. 

DEPUTY    READEE    OE    MINEEALOGT    ANT)    ASSISTANT     PEOFESSOE    OE    CHEMISTRY    AT 

OXFOED. 

The  investigation  now  offered  to  the  Chemical  Society  has  been  long- 
made,  as  regards  its  most  important  features,  but  was  not  before 
published  from  a  want  of  completeness  in  its  details.  That  com- 
pleteness has  been  now  effected,  and  methods,  introduced  subsequently 
to  tbe  period  of  the  original  investigation,  have  been  employed  to 
establish  its  correctness. 

Chinese  vegetable  tallow  is  a  substance  used,  I  believe,  already  in 
considerable  quantities  in  the  candle  manufactures  of  this  country, 
though  the  specimens  first  employed  for  tbis  investigation  were  from 
the  earliest  imported  cargo  of  it.  It  has  been  made  the  subject  of  exami- 
nation by  three  chemists.  Thomson  and  Wood,*  and  M.  v.  Borck,t 
have  detailed  the  results  of  their  labours  upon  it.  The  former  two 
chemists  imagined  that  they  had  established  the  nature  of  the  solid  fat 
acid  in  the  Chinese  tallow  as  consisting  in  a  mixture  of  margaric  and 
stearic  acids; J  the  latter,  that  he  had  shown  it  to  be  a  new  acid,  to 
which  he  gave  the  name  of  stillistearic  acid.  That  both  arrived  at 
erroneous  conclusions  will  be  seen  from  the  following  pages. 

M.  Borck  has  given  an  account§  of  the  vegetable  tallow  itself, 
which  is  so  complete \hat  I  am  able  to  add  nothing  to  it, 

*  J.  pr.  Chem.  xlvii.  240.  t  Ibid.  xiix.  395. 

X  Smce  this  paper  was  read  I  have  received  from  Dr.  Thomson  specimens  of  the 
fat  he  examined,  and  of  the  acid  he  obtained  from  it,  which  render  it  evident  that  this 
fat  was  not  the  same  with  the  tallow  I  have  described  in  this  paper. 
^    §  Chem.  Gaz.  1850,  p.  647. 
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The  Stillingia  sebifera,  the  0  ka  0  of  the  Chinese,  bears  berries 
which  are  about  a  half-inch  in  length,  united  together  in  threes, 
surrounded  by  a  triple  capsule,  which  detaches  itself  very  readily 
from  the  fruit.  These  berries  consist  of  a  stone-fruit,  the  kernel  of 
which  is  protected  by  a  hard  shell,  which  again  is  coated  by  an  envelope 
of  cellulose  substance,  perhaps  a  quarter  of  an  inch  thick,  in  the  cells 
of  which  the  tallow  is  contained.  This  tallow-bearing  envelope  is 
estimated  at  about  25  per  cent,  of  the  fruit.  The  tallow  is  pressed 
out  from  the  fruit  by  the  Chinese,  melted  on  water,  and  cast  into 
large  cylindrical  moulds  with  a  Chinese  stamp  on  them.  There  is 
another  product,  a  fluid  fat,  which  is  procured  out  of  the  more  solid 
portion,  and  which  does  not  come  into  commerce. 

The  tallow  of  commerce,  when  freshly  cut,  is  white,  and  becomes 
yellowish-brown  by  exposure.  It  possesses  a  faint  but  peculiar  smell, 
calling  to  mind  at  once  its  fatty  nature  and  vegetable  origin.  Its 
behaviour  with  solvents  is  as  follows.  The  liquid  portion  of  the 
tallow  (its  oleine)  being  soluble  in  the  cold  in  various  menstrua, 
imparts  to  them  a  solvent  action  on  the  solid  portion  also,  which  they 
otherwise  do  not  possess ;  and  hence,  not  only  do  oil  of  turpentine 
and  coal-naphtha  dissolve  it  entirely,  but  it  is  also  partially  soluble 
in  ether,  in  equal  parts  of  ether  and  absolute  alcohol,  ether  and 
common  alcohol,  wood-spirit,  absolute  alcohol,  and  common  "  strong 
alcohol."  The  order  in  which  I  have  placed  these  menstrua  indicates 
the  order  of  solubility,  which  is,  of  course,  inversely  as  the  amount 
of  solid  fat  which  remains  undissolved.  On  boiling,  it  is  completely 
dissolved  by  ether,  by  ether  and  absolute  alcohol  (equal  parts),  ether 
and  common  alcohol,  absolute  alcohol,  wood-spirit,  and  in  common 
alcohol, — the  facility  of  solution  being  indicated  by  the  order  of  the 
solvents. 

The  ethereal  solutions  remain  clear  after  cooling,  and  only  ulti- 
mately deposit  the  cauliflower  crystals,  which  are  formed  im.mediately 
in  the  other  solutions.  Heated  in  a  capillary  glass  tube,  it  melts  at 
87°  C,  and  beginning  to  solidify  at  32°  C,  is  finally  hard  at  2G°  C. 
But  if  carefully  melted  in  a  test-tube,  the  fresh  tallow,  or  this  after  it 
has  been  melted  and  very  slowly  cooled,  has  a  melting-point  as  high  as 
44°  C.  The  melted  tallow  has  an  acid  reaction.  This  might  be  due 
to  a  decomposition  of  the  fat-salts  in  the  tallow,  or,  again,  it  might 
be  the  result  of  an  acid  fat-salt.  That  it  was  not  due  to  the  former 
is  rendered  probable  by  the  absence  of  glycerine  from  water  on  which 
the  tallow  had  been  kept  for  some  time  melted,  the  evaporation  of 
this  water  yielding  no  acroleine  odour. 

When,  however,  the  tallow  has  been  so  boiled  on  water,  it  imparts 
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to  it  a  strongly  acid  reaction  and  smell ;  in  fact,  the  water  removes 
from  the  tallow  itself  this  acid  character,  sufficiently  showing  that  it 
is  not  to  a  salt  of  acid  constitution  that  the  acidity  is  due.  This  acid 
may  be  separated  from  the  tallow  by  boiling  it  with  absolute  alcohol, 
and  pressing  out  the  alcohol  on  its  cooling,  the  lead- salt  being  now 
readily  precipitated  from  the  alcoholic  solution  by  acetate  of  lead  as  a 
fine  white  salt.  The  saponified  tallow,  moreover,  when  treated  with 
tartaric  acid  and  distilled,  yields  an  acid  distillate,  which  proves  the 
acid  to  be  volatile.  In  fact,  if  the  tallow  be  melted  in  a  flask  on  the 
water-bath,  it  yields  an  acid  smell,  and  vapours  of  acid  reaction,  and 
there  is  nothing  of  the  character  of  acroleine  in  the  odour,  but  rather 
that  of  acetic  or  propionic  acid.  The  aqueous  solution  yields  a  baryta- 
salt,  which  is  soluble  in  water. 

This  volatile  acid  is  present  in  the  tallow  in  very  small  quantity, 
and  was  not  further  investigated.  In  other  respects,  the  chemical 
nature  of  this  tallow  is  briefly  told  :  it  consists  of  palmitine  and  oleine, 
and  is  perhaps  the  best  known  source  for  the  chemist  of  palmitic  acid. 
But,  since  the  former  of  the  two  memoirs  to  which  I  have  referred  is 
written  on  the  idea  that  this  substance  contains  margarine  and 
stearine,  and  the  latter  gave  the  history  of  a  new  acid,  it  became 
important  to  establish  the  true  character  of  the  acid  with  care  and 
precision. 

The  original  method  followed  for  this  purpose  consisted  in  taking 
a  considerable  quantity  of  the  tallow,  melting  it,  and,  while  warm, 
pressing  it  out  in  linen  or  canvas.  The  part  remaining  on  the  linen, 
and  melting  at  48° — 49°  C,  should,  of  course,  contain  in  a  prepon- 
derating amount  the  constituent  of  the  tallow  yielding  the  acid  of  the 
highest  melting-point,  while  the  portion  pressed  out,  and  which 
melted  at  30° — 32°  C,  should  contain  the  constituent  yielding  any 
acid  of  lower  melting-point.  The  former  yielded  in  fact  an  acid,  by 
saponification  and  decomposition  of  the  soap,  melting  at  60°  C,  and 
this,  by  repeated  crystallisations  from  alcohol,  was  raised  to  a 
melting-point  of  63°  C.  The  melting-point  of  the  acids  procured 
from  the  pressed-out  portion  was  53°  C. ;  but  continual  crystallisations 
will  raise  this  to  the  same  melting-point  as  the  former.  This  second 
portion,  therefore,  also  contains  the  acid  of  the  highest  attainable 
melting-point. 

This  pressed-out  p3rt  of  the  tallow  was  therefore  again  melted,  and 
pressed  out  when  partially  cold,  and  this  second  pressed-out  portion 
was  saponified,  and  the  acids  separated  by  hydrochloric  acid.  A  mix- 
ture of  acids  was  thus  obtained,  and  it  remained  to  ascertain  whether 
this  mixture  contained  any  other  acid  than  the  one  mentioned,  whose 
melting-point  was  63°  C,  and  oleic  acid.     Accordingly  the  fat-acids 
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were  dissolved  in  alcohol,  and  the  incipient  deposit  of  crystals  sepa- 
rated by  filtration — the  filtrate  being  similarly  treated  several  times 
in  succession — part  of  the  alcohol  being  evaporated  off  as  the  solution 
became  less  rich  in  the  more  solid  fat.  The  crystals  in  each  case 
were  at  the  time  pressed  and  blotted,  and  then  separately  saponified, 
as  were  also  the  finally  remaining  acids  in  the  filtrate  from  the 
whole. 

Each  mass  was  then  carefully  dissolved  in  alcohol,  and  allowed  to 
crystallise,  and  then  filtered  and  pressed  to  rid  it  of  oleate,  and  after 
a  repetition  of  this  process  two  or  three  times,  the  acids  were  re- 
covered, and  found  all  to  possess  a  melting-point  within  a  degree  of 
one  another,  viz.  62° — 63°  C.  The  acids  were  then  mixed  in  such  a 
way  as  that  the  first  separated  in  the  process  1  have  described  were 
thrown  together,  and  so  on  with  the  others,  so  that  the  acids  [I.] 
[II.]  [III.]  and  [IV.]  represent  in  order  the  bodies  which  should 
be  expected  to  contain  respectively  from  more  to  less  of  the  supposed 
higher  acid.  Furthermore,  the  acid  from  the  filtrates,  as  before 
described,  formed  [V.]  in  the  series.  The  ammonia- salts,  and  from 
these  the  several  silver-salts,  were  made ;  and  silver  determinations 
and  analyses  of  these  will  be  found  in  their  proper  place. 

Subsequently,  however,  to  the  experiments  which  are  above  very 
briefly  described  (for  their  detail  would  now  be  too  long,  and  not  of 
the  same  interest  in  description  as  formerly),  the  method  of  fractional 
precipitation  introduced  by  Heintz  was  adopted,  to  confirm  the 
absence  of  any  second  solid  fat-acid.  A  large  amount  of  the  vegetable 
tallow  was  saponified  by  an  alcoholic  solution  of  potash,  water  added 
to  the  clear  solution,  and  the  alcohol  distilled  off.  The  acids  sepa- 
rated from  the  soap  by  hydrochloric  acid,  and  carefully  washed  in 
boiling  water,  were  next  dissolved  in  a  large  amount  of  alcohol,  and 
mixed  with  a  small  quantity  of  acetate  of  lead.  A  slight  cloudiness 
in  the  liquid  is  cleared  immediately  by  a  drop  or  two  of  acetic  acid, 
but,  on  cooling,  the  lead-salt  crystallises  in  minute  white  scales. 
This  is  filtered,  and  the  filtrate  treated  with  a  fresh  dose  of  lead- 
salt.  The  v/hole  of  the  solid  acid  is  thus  thrown  down  by  the  lead- 
salt,  after  which  an  excess  of  ammonia  is  requisite  to  effect  the  forma- 
tion of  any  further  precipitate,  which,  however,  when  so  formed,  con- 
sists only  of  the  yellow  oleate  of  lead.  The  white  salts  precipitated 
by  the  acetate  of  lead  were,  after  filtering,  carefully  washed  with  ether 
and  dried.  They  were  then  severally  decomposed  by  hydrochloric 
acid,  and  dissolved  in  hot  alcohol.  The  acids  thus  obtained  from  the 
several  lead- salts  require  to  be  again  saponified  and  recovered  by 
hydrochloric  acid  from  aqueous  solutions  of  the  soap,  as  they  contain 
traces  of  palmitic  ether,  owing  to  the  use  of  alcoholic  solutions  in  the 
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preparation.  The  first  lead-salt  yielded  in  this  way  an  acid  melting  at 
63°,  the  other  an  acid  with  a  meltuig-point  of  60°,  which,  however,, 
was  readily  raised  to  63°  by  one  or  two  crystallisations.., 

These  methods  unite,  then,  in  establishing  the  absence  of  any  second 
solid  fat-acid  in  the  tallow.  I  will  next  prove  the  identity  of  the  acid 
it  does  contain  with  palmitic  acid. 

Palmitic  Acid. — The  tallow  is  saponified  with  one-sixth  of  its  weight 
of  potash  in  alcoholic  solution.  When  quite  clear,  water  is  added,  and 
the  alcohol  distilled  off.  The  solution  of  the  soap  is  now  added  to 
very  dilute  sulphuric  acid  to  separate  the  acids.  The  water  from 
which  the  fat-acids  have  been  separated  contains  free  sulphuric 
acid,  sulphate  of  potash,  and  glycerine ;  and  this  latter  body  may 
be  jipadily  separated  from  it  by  neutralising  the  free  acid  by  car- 
bonate of  potash,  evaporating  off  the  water,  and  treating  the  residue 
with  alcohol.  The  glycerine  is  recognised  by  its  taste,  and  by  the 
reaction  which  produces  aceoleine.  After  frequently  boiling  on 
water  the  brown  mass  thus  formed,  it  is  pressed  in  a  powerful 
press.  The  pressed  mass  is  again  melted,  a  little  alcohol  added 
to  it,  and  after  partial  cooling  the  pressing  force  is  repeated.  After 
a  few  repetitions  of  this  process,  the  mass  becomes  perfectly 
white,- and  its  melting-point  constant.  Several  crystallisations  from 
a  large  amount  of  alcohol  insure  its  purity,  and  the  acid  so  formed 
has  the  properties  of  palmitic  acid,  as  obtained  by  Fremy  and  others 
from  palm  oil.  It  is  easily  dissolved  in  hot  alcohol,  and  separates 
from  it,  on  cooling,  in  fine  pearly  scales.  Very  soluble  in  ether,  it 
is  but  slightly  so  in  cold  alcohol.  Its  melting-point  is  63°'5,  but 
it  becomes  hard  at  63°.  It  reddens  litmus  when  melted,  as  do  also 
its  solutions.  The  surface  of  the  acid  after  melting  and  cooling  is 
singular  and  characteristic,  being  formed  in  a  series  of  irregular 
ridges  of  a  circular  form.  It  may  be  kept  at  a  temperature  of 
250°  to  300°  for  a  length  of  time  without  alteration  in  melting-point 
or  appearance.  At  a  rather  higher  temperature,  it  distils  over  un- 
changed. A  very  slight  discolouration,  however,  takes  place  in  the 
retort,  which  is  not  imparted  to  the  distilled  acid.  A  slight  residue 
in  the  retort,  due  probably  to  the  formation  of  a  trace  of  palmitone,  has 
a  melting-point  of  72°.  The  distilled  acid  has  the  melting-point  of 
the  acid  obtained  from  the  alcoholic  solution.  Nearly  pure  specimens 
of  the  acid  should  al?)ne  be  taken  for  distillation.  Now,  according  to 
Schwartz,*  the  palmitic  acid  obtained  from  palm  oil  undergoes 
decomposition  by  distillation,  its  melting-point  falling  to  57°;  and, 
if  this  acid  be  kept  at  a  temperature  varying  from  250°  to  300°,  it 
*    Ann.  Ch.  Piiarm.  k.  58. 
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becomes  converted  into  his  palmitonic   acid,  which  has  a  melting- 
point,  according  to  him,  of  51°,  and  has  no  crystalline  structure. 

Accordingly,  the  acid  was  prepared  from  palm  oil  by  precisely  the 
same  process  as  ih^t  adopted  to  get  the  acid  from  the  vegetable  tallow. 
It  was  not  quite  so  colourless,  but  had  the  same  melting-point  of  63°*5, 
and,  like  the  acid  from  the  Chinese  tallow,  it  underwent  no  alteration 
from  distillation  beyond  the  same  slight  discoloured  residue  in  the  re- 
tort. Each  acid  was  kept  three-quarters  of  an  hour,  melted  at  a  tempe- 
rature between  260°  and  280°,  and  both  had  the  same  melting-point  of 
63°, — lower,  by  only  half  a  degree,  than  the  original  melting-point  of 
the  acid.  It  is  obvious,  therefore,  that  palmitic  acid  does  not  undergo 
the  changes  thus  ascribed  to  it.  This  acid  is  soluble  in  hot  sulphuric 
acid,  from  which  water  reprecipitates  it  unchanged.  Boiling  it  with 
nitric  acid  slowly  changes  it ;  but  after  treating  it  thus  for  an  hour, 
and  then  melting  with  water,  and  finally  dissolving  in  alcohol  the 
solid  yellow  cake  that  floated  on  the  cooled  nitric  acid,  palmitic  acid 
was  obtained  unchanged.  The  action,  therefore,  is  a  very  gradual  one. 
Palmitic  acid  loses  nothing  in  weight  at  100°.  Dried  at  this  tempe- 
rature, and  analysed  by  burning  in  some  cases  with  chromate  of  lead, 
in  others  with  oxide  of  copper  and  chlorate  of  potash,  it  yielded  the 
following  numbers  : —  * 

I.     0*3260  grm.  distilled  acid  gave  : 

0-8970     „     carbonic  acid,  and  0'3632  water. 

II.     0*3624     „     of  acid  separated  from  alcohol  gave  : 
0*9955     „     carbonic  acid,  and  0*4030  water. 

III.  0*2872     „     of  acid  separated  from  alcohol  gave  : 
0*7874     „     carbonic  acid,  and  0*3204  water. 

IV.  0*2930     „     of  acid  separated  from  alcohol  gave  : 
0*8042     „     carbonic  acid,  and  0*3292  water. 

V.     0*3203     „     of  acid  separated  from  alcohol  gave  : 
0*8790     „     carbonic  acid,  and  0*3607  water. 

These  numbers  express  the  following  percentage  composition : — 


I. 

II. 

III. 

IT. 

v. 

C32H3.O4 

requires 

Equiv. 

Carbon . . . 

75-03 

74-91 

74-77 

74-86 

74-84 

75-00 

192 

Hydrogen 

12-39 

12-36 

12-40 

12-49 

12-55 

12-50 

32 

Oxygen . . 

12-58 

1273 

12-83 

12-65 

12-61 

12-50 

32 

100-00       10000       10000       100  00       10000       100-00        256 
These  numbers,  then,  agree  with  the  formula  of  palmitic  acid. 
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To  determine  the  amount  of  water  combined  in  the  acid,  it  was 
melted  with  finely-powdered  oxide  of  lead. 

0'8513  grm.  of  the  acid  lost  in  this  way  0*0310  of  water. 

Required  in  Yielded  by 

Percentage.  Experiment. 

C3.2  H3,  O3  =  247  96-48  96-36 

H    0  =     9  3-52  3'64 


C32H32  0^  =  256  100-00  100-00 

In  order  further  to  confirm  the  complete  identity  of  the  acid  in 
Chinese  vegetable  tallow  with  palmitic  acid  as  obtained  from  palm 
oil,  many  of  its  salts  were  prepared  and  analysed. 

Palmitine ;  Palmitate  of  Lipylic  Oiclde. — To  the  melted  tallow 
a  mixture  of  alcohol  and  ether  is  added,  and  the  mass  powerfully 
pressed.  The  operation  is  repeated  a  great  many  times.  The 
resulting  mass  is  crystallised,  first  from  its  solution  in  mixed  alcohol 
and  ether,  and  subsequently  from  pure  ether,  till  the  melting-point 
is  constant.  The  crystals  from  the  last  solvent  are  small,  and  of 
pearly  lustre :  in  form,  apparently,  rhombic  prisms.  It  does  not 
crystallise  after  fusion,  but  forms  a  hard,  wax-like,  brittle,  translucent 
mass.  Insoluble,  or  nearly  so,  in  cold  ether  and  hot  alcohol,  it  dis- 
solves readily  in  boiling  ether.  Its  reaction  in  fusion,  as  in  solution, 
is  neutral,  while  a  strong  heat  decomposes  it,  with  development  of 
acroleine.  When  the  melting-point  is  carefully  taken,  it  shows  a 
first  melting-point  at  50°"5 ;  after  again  solidifying,  as  the  tempe- 
rature is  increased,  it  presents  another  melting-point  at  66°-5,  its 
ultimate  solidifying  point  being  49°.  Its  saponification  yields  an  acid 
with  the  melting-point  of  palmitic  acid. 

The  action  of  aqueous  solution  of  potash  on  pure  palmitine  is 
extremely  slow ;  in  fact  it  is  very  difficult  so  to  saponify  it ;  and 
though  the  presence  of  oleine,  by  the  solvent  action  of  the  oleine  soaps, 
tends  much  to  accelerate  this  saponification,  it  is  possible  to  remove 
a  very  large  part  of  the  oleine  by  treatment  with  a  limited  supply  of 
alkali.  Thus  palmitine  may  be  obtained  in  a  comparatively  pure 
state  from  the  tallow  by  boiling  the  latter  with  a  very  small  quantity 
of  potash,  adding  the  potash  gradually  and  with  care.  The  hard 
white  cake  of  palmitine  always  retains  a  little  of  the  soap,  but  after 
several  times  being  melted  on,  and  boiled  out  by  water,  it  can  be 
freed  from  this,  and  obtained  nearly  absolutely  pure  by  crystallisations 
from  alcohol.  This  is  perhaps  the  best  way  of  preparing  the  palmi- 
tine.    It  is  certainly  the  most  expeditious  one. 
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Burned  with  oxide  of  copper  and  chromate  of  potash, — 

I.  0-2976  grm.  yields  0-8284  carbonic  acid,  and  0-3263  water. 
II.  0-3184     „        „      0-8896       „  „  0-3445     „ 

Found, 
Eequired.  i.  ii. 

C35  =  210 ^  Carbon    .     76-36  76-04         76-19 

H33=   33    Hydrogen     12-00  12-16         12-03 

04=   32)  Oxygen    .     1164  1180         11-78 

C3H2O,  C32H3i03  =  275  100-00  100-00       100-00 

Palmitate  of  Soda. — The  acid  is  boiled  with  a  dilute  solution  of 
carbonate  of  soda.  The  jelly  formed  on  cooling,  after  pressure  in 
linen  and  drying  in  the  water-bath,  is  dissolved  in  boiling  absolute 
alcohol,  the  solution  filtered,  and  a  little  water  added  to  keep  the 
alkaline  carbonate  in  solution.  The  jelly  formed  on  cooling,  after 
being  again  pressed  out  and  dried,  is  the  pure  soda-salt,  soluble  in  water 
and  in  dilute  alcohol,  from  which  it  crystallises  in  large  pearly  scales. 
Easily  melting  to  a  clear  liquid,  it  is  decomposed  by  a  comparatively 
low  temperature. 

The  soda  contained  in  the  salt  dried  at  110°  was  determined, — 
I.  1-1328  grm.  gave  0-2890  of  NaO,  803  =  0-1265  soda. 
II.  1-0074     „       „     0-2564        „       „     =0-1124     „ 
III.  0-6990     „       „     0-1785        „       „     =0-0782     „ 

Yielded  by  Experiment. 
Required.  i.  Ii.  iii. 

For  an  equiv.  of  acid     .     88-78  88-82         88-84         88-81 

soda    .     11-22  11-18         11-16         11-19 


100-00  100-00       10000       100-00 

Palmitate  of  Baryta. — A  boiling  alcoholic  solution  of  palmitic  acid 
is  treated  with  ammonia  in  slight  excess,  and  precipitated  by  an 
aqueous  solution  of  acetate  of  baryta.  The  thick  flocculent  precipitate 
is  washed  with  alcohol,  containing  at  first  some  acetic  acid  to  remove 

*  According  to  Berthelot's  views  of  the  composition  of  the  natural  fats,  the 
formula  of  palmitine  should  be, — 

3C32H32O4+  C6K806-6HO  =  Cio2Hc,80i2,  [or  0^  [  ^q^^^o,)^  ]  Oo, 

that  is  to  say,  glycerine,  in  which  3  at.  H  are  replaced  by  3  at.  of  the  oxygen -radical 
of  palmitic  acid,  C3JI31O2].  This  formula  requires  75'92  per  cent,  carbon  and  12"16 
hydrogen,  numbers  agreeing  rather  more  closely  with  the  author's  analysis  than  those 
derived  from  the  formula  C.J5H.J.5O4  [or  CiojHggOjg].  Moreover,  Stenhouse's  analysis 
of  palmitine  obtained  from  palm-oil  gives  756  per  cent.  C  and  121  H.  Berthelot 
has  also  prepared  an  artificial  iripalmiti?iey  agreeing  in  melting-point  and  other  pro- 
perties with  natural  palmitine.     [Fide  Ann.  Ch.  Phys.  [3]  xH.  240.— Ed.] 
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carbonate,  and  finally  with  water.     It  is  a  dull  white  powder,  readily 
decomposed  by  heat. 

I.  0-7554  grm.  yielded  0-2712  BaO,  803  =  0-1783  BaO. 
II.  1-0391     „         „        0-3736     „      „    =0-2453     „ 
III.  0-9800     „         „        0-3530     „      „    =0-2318     „ 

Yielded  by  Experiment. 
Required.  i.  ii.  iii. 

For  an  equiv.  of  acid     .     76-35  76-42         7639         76-35 

baryta.     2365  2358         23-61         23-65 


100-00  100-00       100-00       100-00 

Palmitate  of  Magnesia. — The  hot  alcoholic  solution  of  the  acid, 
after  treatment  with  ammonia  and  chloride  of  ammonium,  is  pre- 
cipitated by  acetate  of  magnesia.  The  fine  white  voluminous  preci- 
pitate, after  washing  with  alcohol,  and  subsequently  with  water, 
exhibits  under  a  lens  small  four-sided  leaf-like  crystals.  It  can  be 
fused  to  a  clear  liquid  without  decomposition. 

I.  0-6966  grm.  yielded  0*0563  magnesia. 
II.  0-6140     „         „       0-0490         „ 
III.  0-7530    „         „       0-0593 

Found. 
Eequired.  i.  ii.  in. 

For  an  equiv.  of  acid    .     .     92-26  91-92         91-99         92-02 

magnesia.       7-74  8*08  S'Ol  7*98 


10000  100-00       100-00       100-00 

Palmitate  of  Lead. — Formed  by  double  decomposition  of  the  alco- 
holic solution  of  the  soda-soap  with  an  aqueous  solution  of  nitrate  of 
lead.  The  fine  white  crystalline  precipitate  is  washed  thoroughly  with 
alcohol,  and  then  with  water.  It  melts  at  108°,  and  when  solid  forms 
an  enamel-like  white  mass. 

I.  1-1762  grm.  gave  0-3696  oxide  of  lead. 
II.  0-9228     „       „     0-2907      „ 
III.  0374       „     burnt  with  chromate  of  lead,  yielded  : 
0-7381     „     carbonic  acid,  and  0-2988  water. 

Found. 

^Requires.  i.  Ii.  iii. 

C32  .  .  53-53  —             —  53-74 

H31  .  .  8-64  —  —  8-86 

O3.  .  .  6-69  _-             _  _ 

PbO  .  .  31-14  31-43  31-50  — 


10000 
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Palmitate  of  Copper. — This  salt,  which  is  a  clear,  blue,  voluminous 
powder,  is  formed  by  precipitation  of  the  soda-salt  by  very  dilute 
sulphate  of  copper.  It  may  be  melted  with  care  without  decomposition, 
and  forms  a  green  fluid,  but  heat  readily  breaks  it  up. 

I.  0-8904  grm.  gave  0-1260  CuO  =  14-15  per  cent. 
II.  0-9686     „       „     0-1356     „    =14-00      „ 

The  salt  theoretically  requires  13-85  per  cent,  of  oxide. 

Palmitate  of  Silver. — I  have  already  mentioned  that  the  formation 
and  analysis  of  this  salt  originally  led  to  a  probable  inference  as  to 
the  nature  of  the  acid  contained  in  the  tallow.  The  salt  was  prepared 
by  precipitating  the  alcoholic  solution  of  the  ammonia-soap  of  the 
acid,  by  means  of  alcoholic  solution  of  nitrate  of  silver,  in  the  presence 
of  an  excess  of  ammonia.  The  analyses  marked  [I.]  to  [V.],  are  those 
referred  to  in  the  earlier  part  of  this  paper.  The  remainder  of  the 
analyses  were  performed  with  the  silver-salt  formed  by  the  mutual 
decomposition  of  the  soda-salt  and  nitrate  of  silver,  in  alcoholic 
solution.  In  both  cases  the  salt  formed  is  white,  and  nearly  un- 
changed by  light  when  dry. 

[I.]  0-6715  grm.  gave  0-2007  gr.=:  29-89  per  cent.  Ag  =  32-11  per  cent.  AgO. 

[II.]  0-6700     „       „      0-2088  „   =29  97         „  „  =32-19         „  „ 

[III.]  0-6711      „       „      0-2002  „   =29-83         „  „   =32-04 

[IV.]  0-6605      „       „      0-1970  „   =29-83         „  „   =3204        „ 

[V.  (i.)]  0-5972      „       „      0-1790  „   =29-97         „  ,,=32-19 

[V.  (ii.)]  0-6395      „       „      01914  „  =2993         „  ,,=3215 

Preparation  from  the  soda-salt : — 

YI.     0-8452      „       „      0-2476  „         —  „  „  =31-46  „  „ 

VII.     1-0076      „       „      0-2966  „  —  „  „  =31-62  „  „ 

VIII.     11062     „       „      0-3269  „  —  „  „  =31-75 

Calculation  requires  ...  ...  ...  31-97  „  „ 

The  analyses  of  two  of  the  salts  made  in  the  earlier  part  of  the 
investigation,  and  of  two  of  the  salts  made  from  the  soda-soap  by  my 
assistant  more  recently,  are  subjoined  : — 

Of  acid  [IL]  0-4635  grm.  gave  : 

0-9006  „  carbonic  acid,  and  0-3545  water. 

„       [III.]  0-4725  „  gave: 

0*9175  „  carbonic  acid,  and  0*3557  water. 

„  IX.  0-5167  „  recent  preparation,  gave : 

1-0094  „  carbonic  acid,  and  0*3996  water. 

.    „  X.  0*4652  „  recent  preparation,  gave : 

0-8996  „  carbonic  acid,  and  0-3645  water. 

These  analyses  correspond  as  follows  with  the  numbers  required  by 
calculation : — 
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Found. 


Eequired. 

[II.] 

[in.] 

IX. 

X, 

Carbon    . 

,     52-88 

52-99 

52-95 

53-28 

52-73 

Hydrogen    .     . 

.       8-54 

8-50 

8-36 

8-59 

8-75 

Oxygen   .     . 

.       6-61 

6-32 

6-65 

— 

— 

Oxide  of  silver  . 

,     31-97 

(32-19) 

(32-04) 

— 

— 

100-00  100-00       10000 

Palmitic  Ether ;  Palmitafe  of  Oxide  of  Ethyl, — Dry  hydrochloric 
acid  gas  passed  through  a  warm  solution  of  palmitic  acid  in  very  strong 
alcohol,  gives  rise  to  the  ether,  which  separates  as  an  oily  substance. 
It  is  purified  by  boiling  with  water,  agitation  with  carbonate  of  soda, 
dissolving  in  alcohol,  and  finally  precipitating  it  from  this  solution  by 
water.  It  is  a  colourless,  hard,  brittle  substance,  with  a  slightly  ethereal 
smell ;  melts  at  25°,  and,  on  solidifying,  assumes  a  crystalline  struc- 
ture. It  distils  at  a  high  temperature  unchanged.  Insoluble  in  water, 
it  crystallises  from  an  alcoholic  solution  in  long,  hard,  prismatic  needles. 
It  is  unchanged  by  dilute  nitric  acid,  but  immediately  decomposed  on 
heating  it  with  potash. 

Burnt  with  oxide  of  copper  and  chlorate  of  potash, — 

1.  0'2345  grm.  yielded  0-6542  carbonic  acid,  and  0-2704  water. 
II.  0-2567     „         „       0-7116       „  „  02970     „ 


Calculated. 

Found. 

036=216 

76-06 

76-08         75'-65 

H36=  36 

12-68 

12-79         12-86 

O4  =  32 

11-26 

11-13         11-49 

C4H5O,  C3.2H3i03  =284       100-00  100*00       100-00 

For  the  preparation  of  the  above  salts,  and  for  most  of  the  analyses 
made  of  them,  as  well  as  for  his  skilful  attention  to  the  investigation, 
I  am  much  indebted  to  my  assistant.  Dr.  Ewald. 

Palmitone. — This  compound  is  formed  by  distilling  palmitic  acid 
with  one-fourth  of  its  weight  of  lime,  and  by  several  crystallisations 
of  the  distillate  from  alcohol. 

It  is  a  substance  With  a  melting-point  of  84°,  and  solidifying-point 
of  80°.  This  body,  as  it  crystallises  from  alcohol,  presents  itself  in 
white  pearly  scales ;  from  fusion  it  solidifies  in  a  pearly  scaly  mass, 
which  is  readily  powdered,  and  is  then  highly  electric.  Neither  dilute 
nitric  acid  nor  potash  act  upon  it.     A  mixture  of  nitric  and  sulphuric 
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acids  at  once  blackens  and  destroys  it.     It  is  highly  soluble  in  benzol. 
The  paloiitone  was  analysed,  giving  the  following  numbers  : — 

I.  0-2987  grm.  burnt  with  oxide  of  copper  and  chlorate  of  potash,  gave: 

0*9035    „     carbonic  acid,  and  0  3700  water. 
II.  0-2954    „     gave  0-8968  carbonic  acid,  and  0-3727  water. 

Found. 


Calculated. 

I. 

II. 

^62    • 

.     372 

82-67 

82-49 

82-80 

H62  . 

.       62 

13-78 

13-76 

14-02 

0,    . 

.       16 

3-55 

3-75 

3-18 

450     100-00      100-00   100-00 

ANALYSIS  OP  THE   VEGETABLE   TALLOW  ITSELF. 

This  analysis  was  originally  made  to  ascertain  whether  any  substance 
was  present  containing  a  higher  percentage  of  carbon  than  palmitine 
or  oleine.  The  tallow  was  dissolved  in  a  large  quantity  of  ether,  and 
filtered.  The  ether  was  then  distilled  off,  and  the  residue  boiled  out 
with  water.  The  tallow  was  then  thoroughly  dried  in  a  water-bath. 
While  remaining  fused  in  the  water-bath,  a  few  yellowish  flocks  sepa- 
rated, from  which  the  tallow  was  poured  off. 

0-2621  tallow  gave  0*7238  carbonic  acid,  and  0-278  water, 
corresponding  to  75*31  per  cent,  of  carbon, 

„  11-79         „  hydrogen, 

„  12-90         „  oxygen. 


100  00 


From  this  analysis  we  may  fairly  attempt  a  calculation  of  the  con- 
stitution of  the  vegetable  tallow\     In  fact,  as 

Carbon.        Hydrogen.        Oxygen. 

Oleine,  by  calculation,  contains     70-8  11*3  17*9 

And  Palmitine        .         .         .     76-36         12-0         11-64 

an  elimination  of  two  unknown  quantities  from  two  simple  equations 

gives  the  proportion  of  palmitine  to  oleine  as  4  equivs.  of  the  former 

to  1  of  the  latter. 

The  numbers  thus  obtained  are — 

From  the  Found 

Calculation.  by  Analysis. 

Carbon.         .         .         .     74-97  75-31 

Hydrogen      .         .         .11-80  11-79 
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For,  out  of  the  data  here  given  we  may  construct  two  equations. 
Taking  x  for  the  number  of  equivalents  of  pahnitine,  and  y  for  that 
of  the  oleine  present  in  the  tallow,  and  equating  the  carbon  ratios  of 
the  three  substances,  as  the  least  liable  to  error,  we  have — 


76-36  ^  +  70-8  2/  =  75-31 


and 

x^ 

y=  1 

whence  eliminating 

yy 

75-81-70-8 
^     76-36-70-8 

and 

2/=  1-^=     -2 

X     4i 

=  ^  ^-  =  *80  nearly 
•2  nearly 


This  is  sufficient  to  prove  that  the  numbers  obtained  by  analysis  of 
the  tallow  are  compatible  with,  and,  in  fact,  are  explained  with  great 
simplicity  by  the  view  that  this  body  contains  only  pahnitine  and 
oleine. 

Nevertheless,  it  appeared  interesting  to  ascertain  that  the  oleic  acid 
present  in  the  tallow  was  of  the  ordinary  formula,  and  my  assistant, 
Dr.  Ewald,  undertook  the  investigation  of  it. 

A  portion  of  the  tallow  was  saponified;  the  acids  were  then  sepa- 
rated by  hydrochloric  acid,  melted  at  a  low  temperature,  mixed  with 
alcohol,  and  cooled.  The  solidified  mass  was  very  strongly  pressed  ; 
the  fluid  expressed  was  diluted  with  alcohol,  quickly  filtered,  and 
precipitated  by  basic  acetate  of  lead.  The  precipitate,  after  washing 
by  alcohol  and  separation  of  the  alcohol  by  pressure,  was  rapidly  dried 
over  sulphuric  acid  in  vacuo.  The  dried  and  pulverised  salt  was  then 
exhausted  by  cold  ether,  which  takes  up  the  oleate  of  lead  only.  The 
solution  is  decanted  from  the  residue,  and  decomposed  by  dilute 
hydrochloric  acid  in  a  stoppered  glass  cylinder,  without  access  of  the 
air. 

The  chloride  of  lead  rapidly  subsides,  leaving  the  clear  yellow  solu- 
tion of  oleic  acid  in  the  ether.  This  solution  is  now  distilled  froui 
another  flask  by  a  gentle  heat,  in  the  water-bath,  to  separate  the  ether, 
and  the  residue  dissolved  in  alcohol.  From  this  solution  the  oleic 
acid  is  precipitated,  by  the  addition  of  ammonia  in  slight  excess  and 
chloride  of  barium,* as  the  pure  oleate  of  baryta.  It  is  quite  white, 
settles  quickly,  and  is  filtered  and  washed  with  ether.  This  washing 
with  ether,  according  to  Heintz,  at  once  protects  the  precipitate  from 
the  air,  and  dissolves  a  salt  containing  more  baryta  than  the  neutral 
oleate. 
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The  salt  so  prepared  is  quickly  pressed  and  dried  in  vacuo,  and 
finally  in  an  air-bath  at  50°  to  60°.  It  was  burnt  with  oxide  of 
copper  and  chlorate  of  potash. 

I.  0-4678  grm.  yielded  1-0636  carbonic  acid  (made  up  of  1-0342 
in  the  potash  apparatus +  0-0294  absorbed  by  the  baryta 
to  form  0-1317  of  carbonate  of  baryta),  and  0-4056  water. 
II.  0-6364  grm.  yielded  0-2122  BaO,  803  =  0*1393  BaO. 
III.  0-6908     „         „        0-2310     „       „    =0-1517     „ 

Found. 


Calculated. 

I. 

C.fi  . 

.  216-0 

61-79 

61-80 

H33  • 

.     33-0 

9-44 

9-64 

0,  . 

.     24-0 

6-87 

6-69 

BaO 

.     76-5 
349-5 

21-90 

21-87 

100-00 

10000 

21-79        21-96 


10000       100-00       100-00 


II. — On  the  Absorption  of  Chlorine  in  Water. 
By  Henry  E.  Roscoe,  B.A.,  Ph.D. 

At  the  beginning  of  this  century,  Dalton  and  Henry  set  up  the 
hypothesis,  that  the  amounts  of  gas  dissolved  by  a  liquid  vary  as 
the  pressure  under  which  the  absorption  takes  place.  As,  however, 
this  relation  between  the  absorbed  gas  and  the  pressure  could  not  be 
deduced  from  Dalton  and  Henry's  own  experiments,  and  still  less 
from  the  later  ones  of  Saussure,  it  has  been  regarded  by  chemists 
as  an  ungrounded  hypothesis,  until  Professor  Bun  sen,*  in  his  late 
research,  showed  that  it  had  a  foundation  in  a  true  law. 

A  series  of  very  careful  experiments  which  Dr.  Carius  and  Dr. 
Schonfeld  have  carried  out  with  the  absorptiometer  described  by 
Bun  sen,  not  only  give  fresh  proofs  of  the  exactitude  of  the  law,  but 
show  beyond  doubt  that  it  is  applicable  to  gases  of  very  great  solu- 
bility. 

It  thus  appears  of  great  interest  to  examine  the  absorptiometrical 
relations  of  gases  at  the  limits  of  the  temperatures  at  which  the  same 
are  capable  of  entering  into  chemical  combination  with  the  solvent. 
Dr.  Schonfeld  has  examined  sulphurous  acid  in  this  respect,  and 
has  found  that  the  law  is  followed  even  at  temperatures  which  ap- 

*  Phil.  Mag.,  Feb.  and  March  1855 ;    Ann.  Ch.  Pharm.  xciii.  1. 
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preach  the  point  where  this  acid  forms  a  crystalline  hydrate  with  the 
solvent. 

In  the  following  research  I  shall  describe  the  absorptiometrical 
relation  which  exists  between  chlorine  and  water  at  temperatures 
approaching  that  at  which  hydrate  of  chlorine  is  formed.  As  the 
absorption-coefficient  of  this  gas  has  already  been  accurately  deter- 
mined at  Schonfeld,  I  have  been  able  to  confine  myself  to  the 
examination  of  mixtures  of  gas  of  known  composition  containing 
chlorine. 

The  first  mixture  of  gases  examined  was  that  evolved  by  the 
electrolysis  of  concentrated  hydrochloric  acid.  The  electrolysis  was 
conducted  in  a  small  flask  of  about  100  cubic  centimeters^  capacity, 
filled  with  hydrochloric  acid,  into  which  two  poles  of  conducting 
carbon  dipped.  A  glass  tube,  with  the  upper  end  drawn  out,  was 
fastened  on  to  the  neck  of  the  flask  by  means  of  a  caoutchouc  ring,  and 
through  the  tube  were  melted  two  platinum  wires,  which  communi- 
cated below  with  the  carbon  poles  and  above  with  the  battery.  The 
gas,  obtained  by  a  current  of  four  of  Bunsen-'s  elements,  was  washed 
by  passing  through  a  series  of  bulbs  containing  water,  blown  on  a 
glass  tube  and  placed  in  an  oblique  position. 

The  composition  of  the  gas  thus  obtained  by  electrolysis  must  first 
be  determined.  For  this  purpose  the  gas  was  dried  over  fused  chlo- 
ride of  calcium,  and  led  into  a  tube  of  known  capacity,  drawn  out  at 
both  ends,  until  there  could  be  no  doubt  that  the  last  traces  of 
atmospheric  air  were  driven  out.  After  accurate  observation  of  the 
temperature  and  pressure,  the  tube  filled  with  the  mixture  of  gas  was 
closed  with  the  necessary  precautionary  measures,  and  one  end  opened 
under  a  solution  of  iodide  of  potassium  ;  and  in  order  to  effect  the 
rise  of  the  liquid,  this  was  done  at  a  lower  temperature  than  that  at 
which  the  gas  was  collected.  The  iodide  of  potassium  was  imme- 
diately absorbed,  and  a  quantity  of  iodine,  equivalent  to  the  free 
chlorine  present,  was  separated  out. 

From  this  free  iodine  the  amount  of  chlorine  present  in  the  tube 
was  determined  by  Bunsen^s  volumetric  method,*  Two  experiments 
with  gas  collected  at  separate  occasions  gave — 

I.  TI. 

t  a  =  0-0024869  «  =  0-002443 

t  =92-0  .  t  =67-0 

/i  =  59-9  ^1=58-3 

w  =   5"  n  =  2' 

*  Ann.  Ch.  Pharm.  Ixxxvi.  265  ;  Chera.  Soc.  Qu.  J.  vi.  90. 

t  The  signification  of  the  various  letters  will  be  seen  by  reference  to  the  original 
research. 
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From  these  numbers  the  volume  of  chlorine  V  reduced  to  0^  C. 
and  0'76  pressure  of  mercury  contained  in  the  tubes  used  in  the 
experiments,  is  found  in  cubic  centimeters  by  means  of  the  formula — 

(}\        ciint-t^)Cl     _ 
^^  0-0031823  1." 

in  which  0-0031823  is  the  weight  in  grms.  of  1  cubic  centimeter  of 
chlorine  at  0°  C.  and  0*76  pressure  of  mercury. 

The  first  experiment  gave  16-24 ;  the  second,  87*36  cub.  cent, 
chlorine  at  0°  C.  and  0-76  pressure  of  mercury. 

If  the  total  capacity  of  the  tube  be  called  C,  the  barometric  pressure 
at  the  time  of  closing  P,  and  the  temperature  during  the  same  time  T, 
th%  total  volume  of  gas  reduced  to  0°  C.  and  0-76  contained  in  the 
tube  is  found  by  the  following  formula  : — 

(2)    ^'^  =r. 

^^       (1  +  0-00366  T)  0-76     ^ 

For  Experiments  (1)  and  (2)  the  following  values  were  found  : — 

II. 
.     .     .       190-24 
.     .     .         0'«-7265 
.     .     .         11°-1  C. 

This  gives  the  total  volume  of  the  first  tube  32-58;  of  the  second, 
174-65.  If,  now,  the  respective  volumes  of  chlorine  found  by  gradu- 
ation be  subtracted  from  the  total  volumes,  the  volume  of  hydrogen 
gas  present  in  the  mixture  will  be  obtained. 

The  composition  of  the  two  mixtures  of  gas  was,  therefore, — 

I.  II.  Calculated. 

Chlorine     .     .     49-85         50-02  50-00 

Hydrogen  .     .     50-15         49-98  5000 


I. 

c  . 

.  34-81 

p  . 

.  0"'-7415 

T    . 

.  ir-e  c. 

100-00       100-00  100-00 

As  the  liquid  subjected  to  electrolysis  only  contained  hydrochloric 
acid  and  water,  the  products  of  decomposition  formed  could  only 
contain  chlorine,  hydrogen,  oxygen,  or  the  oxides  of  chlorine  or 
hydrogen.  The  absence  of  free  oxygen  can  be  safely  infeiTcd  from 
the  experiments  just  cited,  for  every  volume  of  oxygen  which  is  set 
free  by  the  electrolysis  of  water  is  necessarily  accompanied  by  two 
volumes  of  hydrogen,  whilst  chlorine  and  hydrogen  are  set  free  in 
equal  volumes  by  the  electrolysis  of  hydrochloric  acid.  If,  therefore, 
water  were  decomposed  in  the  above  manner,  the  analysis  would  not 
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have  shown  equal  vokimes  of  chlorine  and  hydrogen,  but  an  excess  of 
the  latter,  which,  as  already  stated,  was  not  the  case.  For  the  same 
reason,  peroxide  of  hydrogen  cannot  be  formed  in  the  decomposition, 
as  the  presence  of  this  body  would  cause  a  still  greater  proportional 
excess  of  hydrogen. 

It  only  remains,  therefore,  to  be  shown,  that  in  the  mixed  gas  no 
oxygen-compounds  of  chlorine  are  present.  Let  us  in  the  first  place, 
to  take  a  particular  case,  examine  if  the  gas  could  contain  hypo- 
chlorous  acid.  2  vols,  of  hypochlorous  acid  consist  of  2  vols,  of 
chlorine  and  1  vol.  of  oxygen  ;  }  vol.  of  oxygen  is  equivalent  to  2  vols, 
of  chlorine,  and  sets  free  in  the  volumetric  process  exactly  as  much 
iodine  as  2  vols,  of  chlorine.  This  process  leaves  it,  therefore,  quite 
undecided  whether  4  vols,  of  chlorine  or  2  vols,  of  hypochlorous  g^id 
were  present ;  and  further,  because  in  the  electrolytic  decomposition 
of  4  vols,  of  hydrochloric  acid,  as  in  electrolytic  formation  of  2  vols, 
of  hypochlorous  acid,  exactly  the  same  amount,  4  vols.,  of  hydrogen, 
must  be  set  free,  it  is  clear  that  the  volumetric  process  will  always 
show  equal  volumes  of  chlorine  and  hydrogen,  whether  the  gas  be 
rendered  impure  by  the  presence  of  hypochlorous  acid  or  not.  The 
question  as  to  the  presence  of  this  latter  gas  is,  however,  easily 
answered,  when  a  direct  estimation  of  chlorine  with  solution  of  silver 
is  made  together  with  a  volumetric  determination.  The  silver  deter- 
mination shows  only  the  amount  of  chlorine,  and  not  the  oxygen  of 
the  hypochlorous  acid,  and  therefore  may  give  only  half  as  large  an 
amount  of  chlorine  as  the  volumetric  process.  The  two  following 
experiments  show  that  the  amount  of  chlorine  found  by  the  volu- 
metric method  agrees  so  exactly  with  that  found  by  the  silver  deter- 
mination, that  the  absence  of  hypochlorous  acid  may  be  certainly 
deduced.  By  similar  reasoning,  the  absence  of  all  other  volatile 
oxides  of  chlorine  can  be  proved. 

Three  tubes  were  filled  with  the  gas  as  formerly  described.  The 
first  was  opened  under  iodide  of  potassium,  and  analysed  by  the 
volumetric  process ;  the  tw^o  others  were  opened  under  tolerably  con- 
centrated sulphurous  acid,  by  means  of  which  the  whole  of  the  chlorine 
was  reduced  to  hydrochloric  acid  and  precipitated  in  presence  of 
excess  of  nitric  acid  as  chloride  of  silver. 

The  elements  for  the  first  tube  were — 

«  =  0-0024869     71^2     t^  =  69-3     t=76-l 
and  T=:W'7     P=0™-7464     (7=4320 

From  these  are  obtained — 

VOL.  VIII. — NO.  xxix.  c 
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1.  Volume  of  chlorine  at  0°  C.  and  0*76  found  by 

the  volumetric  process  ....     20*290  cc. 

II.  Ditto  ditto  calculated  .         .         .     20'131  „ 

The  elements  for  the  second  tube  were — 

Weight  of  chloride  of  silver .         .  .     0-3980 

„  silver  (with  ash)  .         .         .     0-00:31 

and  T=l4P-7     P=0-7464    (7=66-70 

From  these  are  obtained — 

I.  Reduced  volume  of  chlorine  found   by   silver 

determination      ......     31*26    cc. 

II.  Ditto  ditto  calculated  .         .         .     31*018  „ 

The  elements  for  the  third  tube  were — 

Weight  of  chloride  of  silver  .         .         .     0-3834 
„  silver  (in  ash)       .  .  .     0-0024 

and  T=14°-07     P=0-7464     (7=64*27 

From  these  are  obtained — 

I.  Reduced  volume  of  chlorine    found    by  silver 

determination      .  ,  .  .  .  .     30*034  cc. 

II.  Ditto  ditto  calculated  .         .         .     29*949  „ 

After  all  these  experiments  and  considerations,  it  may  be  fairly 
concluded  that  the  electrolytic  gas  really  consists  of  a  pure  mixture 
of  equal  volumes  of  chlorine  and  hydrogen. 

As  the  absorption-coefficients  of  chlorine  and  hydrogen  for  water 
are  known,  a  simple  volumetric  determination  of  an  aqueous  solution, 
saturated  at  a  particular  temperature  with  the  gaseous  mixture,  is  all 
that  is  required  to  determine  if  chlorine  obeys  the  law  of  absorption, 
and  if  so,  up  to  what  distance  from  the  point  at  which  hydrate  of 
chlorine  is  formed.  For  if  a  represent  the  absorption-coefficient  of 
chlorine,  P  the  barometer  pressure,  v  the  volume  of  chlorine,  and  v^ 
the  volume  of  hydrogen  contained  'in  the  mixed  gas,  which  is  passed 
through  a  volume  h  of  water  until  it  is  saturated,  the  amount  of 
chlorine  F  dissolved  in  the  water  must  have  the  following  value  if  the 
law  of  absorption  is  applicable  : — 

^  '      0*76  {v\-v^)  ~ 
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It  will  be  as   well  to  give  here  for   reference   the  absorption-co- 
efficients for  chlorine  and  water  («)  as  found  by  Dr.  Schonfeld: — 


0''C. 

Coefficient. 

0°C. 

Coefficient. 

o°a 

Coefficient 

10.  . 

.  .  2-5852 

21.  . 

.  .  2-1148 

31.  . 

.  .   1-7104 

11.  . 

.  .  2-5413 

22.  . 

.  .  2-0734 

3-2.  . 

.  .  1-6712 

12.  . 

.  .  2-4977 

23.  . 

.  .  2-0322 

33.  . 

.  .  1-6322 

13.  . 

.  .  2-4543 

24.  . 

.  .   1-9912 

34.  . 

.  .   1-5934 

14.  , 

.  .  2-4U1 

25.  . 

.  .   1-9504 

35.  . 

-  .  1-5550 

15.  . 

.  .  2-3681 

26.  . 

.  .   1-9099 

36.  . 

.  .   1-5166 

IG.  . 

.  .  2  3253 

27.  . 

. .  1  8695 

37.  . 

.  .   1  4785 

17.  . 

.  .  2-2828 

28.  . 

.  .  1-8295 

38. 

.  .   1-4406 

18.  . 

.  .  2-2405 

29.  . 

.  .  1-7895 

39.  . 

.  .  1-4029 

19.  . 

.  .  2-1984 

30.  . 

.  .   1-7499 

40.  . 

.  .  1-3655 

20.  . 

.  .  2-1505 

Three   experiments,*    made    at    different    temperatures    with    the 
same  volumq  (9*834  cc.)   of  saturated   solution,  gave  the  follow^ing 


suit 

:s : — 

(0 

w=   2- 

jfi  =  48-9 

t  =58-6 

^=14°-4 

(2) 

(3) 

/z=    1- 

n=   V 

/i  =  10-0 

t,=   5  5 

t  =67-6 

t  =60-3 

r=21°0 

2^  =  25°-r 

=  0-0024430 

Calculated 
from   formula  (3). 

Hence  the  vol.  chlorine  at  0°  C.  and  0-76  at  1 4°-4  is  1470  . .   1  I  -65 

21°0,,  12-643.  .  11-35 
25^0 ,,11-99  ..     9-36 

These  figures  show  that  the  amounts  of  chlorine  found  in  the  satu- 
rated solution  differed  considerably  from  the  amount  which  should  be 
contained  therein  according  to  the  law  of  absorption. 

Let  us  now  proceed  to  the  consideration  of  the  causes  which  might 
possibly  effect  this  increased  absorption  of  chlorine.  It  has  been 
already  shown  that  the  gas  employed  in  the  experiments  did  not 
contain  any  amount  of  oxides  of  chlorine  which  could  possibly  pro- 
duce this  greatly  increased  coefficient  of  absorption.  It  is,  however, 
quite  possible  that  chlorine  should  act  tow^ards  water  as  it  does 
towards  so  many  bases,  and  a  formation  of  hydrochloric  acid  and 


*  It  is  almost  unnecessary  to  state,  tliat  all  the  experiments  on  mixtures  of  chlorine 
and  hydrogen  were  conducted  in  a  darkened  room,  a  candle  being  the  only  light 
present. 
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oxicle  of  chlorine  take  place.  It  is  possible  that  the  compounds  thus 
formed  were  not  present  in  the  gaseous  mixture,  because  they  were 
retained  in  solution  by  the  liquids  with  which  they  came  in  contact. 
Such  a  partial  decomposition  of  the  water  by  chlorine  into  hydro- 
chloric and  hypochlorous  acids  would  most  satisfactorily  account  for 
the  above  irregularities.  This  question  may  be  easily  settled  by  an 
experiment  founded  upon  the  law  of  absorption.  If  we  suppose  that 
when  chlorine  is  dissolved  in  water,  hydrochloric  acid  and  any  volatile 
oxide  of  chlorine  is  formed,  it  is  easily  seen  that  not  only  the  volu- 
metric process,  but  also  a  direct  silver  determination,  must  give  exactly 
the  same  results  as  would  be  found  if  the  liquid  contained  only  free 
chlorine.  A  totally  different  result  will,  however,  be  obtained  if  any  gas 
which  obeys  the  law  of  absorption — as,  for  instance,  carbonic  acid — 
be  passed  into  a  saturated  solution  of  chlorine  in  water.  If  merely 
chlorine  be  present,  it  will  be  driven  out  by  a  stream  of  carbonic  acid, 
and  replaced  by  this  gas  in  the  proportion  of  their  relati^pe  absorption- 
coefficients. 

If,  on  the  contrary,  hydrochloric  acid  and  a  volatile  oxide  of  chlorine 
are  present  together  with  free  chlorine,  the  chlorine  and  oxides  of 
chlorine  will  be  driven  out  in  an  amount  different  from  that  of  the 
hydrochloric  acid,  which,  when  dissolved  in  a  large  quantity  of  water, 
is  not  volatile.  Thus  a  relation  between  the  components  will  be 
brought  about,  by  which  the  volumetric  and  silver  determinations 
cannot  give  like  results,  because  the  original  relation  by  which  the 
hydrochloric  and  hypochlorous  acids  are  present  in  the  proportion 
capable  of  forming  chlorine  and  water,  does  not  now  exist. 

The  following  experiment,  in  which  a  stream  of  carbonic  acid  was 
passed  in  the  dark  through  a  solution  of  chlorine  freshly  prepared 
without  access  of  light,  shows  that  after  the  current  of  gas  had  passed 
through  for  three  hours,  the  amounts  of  chlorine  obtained  by  volu- 
metric and  silver  determinations  agreed  exactly.  The  gas  was  first 
passed  into  a  bottle  containing  the  chlorine  solution,  next  into  a 
second  bottle  containing  distilled  water,  and  the  resulting  solution  in 
both  bottles  was  examined. 


ANALYSIS  FROM  THE  FIRST  BOTTLE. 

Volumetric  method — 

a  =  00024869 


(1)  n  =  2     /i  =  50-5     t:=720 

(2)  n=2     /i  =  53-4     /=71-0 
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Silver  detemunation — 

(1)  Chloride  of  silver         .          .          .  0-2617 
Silver 0-0010 

(2)  Chloride  of  silver         .         .         .  0-2443 
Silver 0-0050 


(1)  (2) 


These  elements  give — 

Reduced  volume  of  chlorine  found  by  the 

volumetric  method    ....     20-421         19-962 
Ditto  ditto  silver  determination     20*517         19599 

ANALYSIS  FROM  THE  SECOND  BOTTLE. 

Volumetric  method — 

a  =  0-0024869 

(1)  n=2     ^1=46-8     ^=71-9 

(2)  n=2     /i  =  48-0     /  =  71-7 

Silver  determination — 

(1)  Chloride  of  silver         .          .          .  0-2701 
Silver 00012 

(2)  Chloride  of  silver         .          .          .  0-2594 
Silver 0-0005 


These  elements  give — 


(1)  (2) 


Reduced  volume  of  chlorine   found  by  the 

volumetric  method    .  .  .  .21-185         20-8(36 

Ditto  ditto  silver  determination     21-346         20*303 

The  supposition  of  a  decomposition  of  water  by  chlorine  to  account 
for  the  observed  phenomena  is,  therefore,  likewise  unfounded. 

As  an  objection  might  be  raised  to  this  experiment,  that  the  oxides 
of  chlorine  are  not  volatile  enough  to  be  carried  over  from  their  solu- 
tion by  a  foreign  gas,  1  have  examined  the  action  of  carbonic  acid  on 
a  mixture  of  oxides  of  chlorine.  The  mixture  of  all  the  various  oxides 
of  chlorine,  which  is  obtained  by  heating  chlorate  of  potash  with  con- 
centrated sulphuric  acid,  was  dissolved  in  water,  and  a  known  volume 
of  the  solution  subAiitted  to  volumetric  analysis;  this  volume  was 
found  to  be  equivalent  to  50-3  burette  divisions  of  normal  iodine 
solution.  A  rapid  stream  of  carbonic  acid  was  then  passed  through 
the  solution,  which,  after  fifteen  minutes,  was  again  volumetrically 
analysed,  and  the  same  volume  of  solution  was  found  to  be  equal  to 
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24*0  divisions ;  after  the  current  of  gas  had  passed  for  thirty  minutes 
more,  the  same  volume  corresponded  to  only  3-7  divisions.  The 
rapidity  with  which  the  values  of  the  volumetric  determinations  de- 
creased with  the  amount  of  gas  passed  through,  shows  how  easily  the 
oxides  of  chlorine  are  expelled  from  their  solutions  by  other  gases, 
and  hence  the  former  objection  is  entirely  removed. 

A  similar  result  is  arrived  at  when  the  mixture  of  hydrogen  and 
chlorine,  after  being  washed,  is  allowed  to  saturate  a  vohime  of  water. 
It  is  here  also  easy  to  show  that  no  oxides  of  chlorine  have  passed 
over,  for  in  the  following  experiment  the  same  amount  of  chlorine  was 
obtained  by  volumetric  and  by  silver  determination  : — 

Chlorine  and   hydrogen  absorbed  in   9*843  cc.  of  water  at  38° 
and  0™-7339  pressure  : 

Volumetric  method — 

«  =  0-0024430 
(1)     n=l     ^1  =  31-8     t  =  7:l'4 
J  =  31-9     t=72'0 


.  0-1117 

.  0-0016 

.  0-1087 

.  0  0048 

Mean  reduced  volume  of  chlorine  from  volu- 
metric method        .....     8*700    cc. 
Ditto  ditto  silver  determination   .     8-8966  „ 

In  order  that  no  possible  cause  may  be  left  undetermined,  I  have 
examined  the  action  of  free  hydrochloric  acid  upon  the  solution  of 
chlorine.  It  was  possible  that  the  formation  of  hydrochloric  acid 
from  the  hydrogen  and  chlorine  might  induce  a  larger  absorption  of 
chlorine,  and  thus  the  phenomena  be  explained.  It  was,  however, 
found  that  the  presence  of  hydrochloric  acid  lessened,  instead  of 
increasing,  the  absorption-coefficient  of  chlorine. 

Water  containing  -piTjth  of  its  bulk  of  concentrated  hydrochloric 
acid  was  saturated  with  chlorine  at  14°  and0™-7366  pressure,  and  the 
absorption-coefficient  calculated  according  to  the  formula, — 

(\\      <^{»^-h)  CI  0-76 
^'      0  0031823  .  1.  h. 


{i)  »=i  t 

Silver 

deter 

mination— 

(1) 

Chloride  of  silver 
Silver 

la) 

Chloride  of  silver 
Silver     •     . 
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The  experiment  gave,  when  ^  =  9*834 — 

\l\     "=?     'rttl    'rltl  --0-0034869 
(2)     n  —  2     ^1  =  600     ^  =  73*9 

Hence  the 

Coefficient  obtained  is  .  .  .     1"9'^86 

Coefficient  for  pure  water     .  .  .     2*3911 

One  assumption  alone  remains  after  all  these  experiments,  namely, 
that  near  the  temperature  at  which  the  formation  of  hydrate  of  chlo- 
rine begins,  the  atoms  of  chlorine  exert  an  attraction  on  those  of  the 
other  gas  present,  and  on  the  water,  similarly  to  the  law  of  Mariotte 
at  the  point  of  condensation,  and  that  thereby  the  accuracy  of  the  law 
of  absorption  is  lessened.  In  order  to  form  an  idea  of  the  amount  of 
this  molecular  disturbance,  it  is  possible  to  calculate  the  volume  of 
chlorine  which,  for  any  given  temperature,  does  not  obey  the  law  of 
absorption.  The  equations  for  this  calculation  are  obtained  from  the 
volumes  of  chlorine  which  are  absorbed  in  water,  firstly  for  pure 
chlorine,  and  secondly  for  a  known  mixture  of  this  gas  with  hy- 
drogen. Let  F  be  the  redaced  volume  of  chlorine  absorbed  in  h 
volumes  of  water  when  pure  chlorine  is  used;  F^  the  volume  of  chlo- 
rine dissolved  in  h^  volumes  of  water  when  the  mixed  gas  is  used  j 
V  the  amount  of  chlorine  in  the  mixed  gas  ;  v^  the  volume  of  hydrogen 
in  the  latter ;  F  the  observed  barometric  pressure ;  y  the  reduced 
volume  of  chlorine  obeying  the  law  of  absorption,  which  is  contained 
in  the  unit  of  water ;  a;  the  reduced  volume  of  chlorine  which,  by 
reason  of  the  molecular  action,  is  supposed  to  be  withdrawn  from  the 
law  of  absorption. 

The  following  equations  give  the  values  of  j?  and  y  : — 

(5)      V=hy  +  hw 


or, 


(6)  ri  =  ^^|^^-,  +  ^i^ 

(7)  ^=1-2. 

(6)     y=^L-^— 


Fv 


0-76  [v-^v^) 

By  means  of  these  formulae,  the  values  of  x  and  y  for  various  tem- 
peratures have  been  calculated  from  the  following  determinations : — 
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Chlo) 

ine  and  Hydrogen — 

" 

a  =  0-0024869       h^  = 

r  9-834 

I. 

rpo^lgo 

5 

P=0-743I     72  =  2 

/^=39-2       ^  =  53-85 

II. 

T°=:14° 

•3 

P=0/414     ?i  =  2 

^^=48-9       /  =  58-6 

III. 

T°  =  21'' 

•0 

P  =  07402     n=l 

/j  =  100       t=^Q7'Q 

IV. 

T°  =  25° 

•0 

P=0-7431     ?z  =  l 

t^=   5-5       ^=60-3 

V. 

T°=30° 

0 

P=0-7320     7Z-1 

/^=   4-8       if  =  53-2 

VI. 

T°=38° 

•0 

P=0-7339     n=\ 

/i  =  31-85     ^=72•2 

Hence  for — 

13°-5 

.     2/  =  l-783I 

^=0-6496 

I4°-3 

.     2/  =  1-7641 

.^'=0-6291 

20°- 1 

.     2/=l'^7'21 

.2?  =  0-4880 

21^-0 

.     2^=1-6287 

<2?=0-4861 

25^-0 

.     j^  =  l-5984 

^  =  0-3589 

30^-0 

.     2/ =  1-3633 

^=0-3866 

38°-0 

.     2/ =  1-0625 

^=0-3771 

In  order  to  determine  whether  the  amount  of  this  molecular  dis- 
turbance was  dependent  upon  the  nature  of  the  gas  with  which  the 
chlorine  is  in  contact,  mixtures  of  known  volumes  of  chlorine  and 
carbonic  acid  were  examined,  and  in  a  similar  manner  the  values  of 
X  and  y  calculated  from  the  experiments. 

The  great  difficulty  of  mixing  a  known  volume  of  chlorine  with 
a  known  volum.e  of  another  gas  was  overcome  by  the  following 
simple  arrangement : — A  large  glass  tube  of  about  80  to  150  cubic 
centimetres'  capacity  was  drawn  out,  the  glass  thickened  at  either 
end,  and  pieces  of  glass  rod  ground  to  fit  air-tight  into  the  apertures. 
The  capacity  of  the  tube  was  then  accurately  determined,  and  it  was 
afterwards  completely  filled  with  carbonic  acid  and  closed.  The  tube 
thus  filled  was  opened  under  a  saturated  solution  of  chlorine  freshly 
prepared  in  the  dark,  and  a  part  of  the  carbonic  acid  driven  out  by  the 
saturated  solution.  The  tube  containing  the  mixture  of  chlorine, 
water,  and  carbonic  acid  gas,  was  next  well  shaken  in  a  water-bath  of 
known  temperature,  and  one  of  the  stoppers  partly  opened  to  allow 
the  excess  of  gas  to  escape.  By  means  of  this  agitation,  the  statical 
equilibrium  of  absorption  was  established  between  the  chlorine  and 
carbonic  acid  dissolved  in  the  water,  and  the  chlorine  and  carbonic 
acid  present  in  the  free  gas. 

An  effect  of  this  process  was  an  increased  volume  of  free  gas.  This 
increased  volume  was  allowed  to  escape,  and  thereby  the  original 
pressure  obtained,  and  the  agitation  and  other  operations  were  re- 
peated until  no   more  gas  was  evolved,  and  the  pressure  remained 
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constant ;  or  in  other  words,  until  the  equilibrium  ensued.  The  free 
and  absorbed  gas  must  be  present  in  a  proportion  which  may  be  cal- 
culated from  the  law  of  absorption.  This  proposition  is  found  by 
the  formulae  1  and  2  used  in  the  former  case.  The  experiments 
were  made  in  the  following  manner: — After  the  tube  had  been  com- 
pletely agitated,  it  was  weighed  in  order  to  obtain  the  volume  of 
water  employed,  and  the  amount  of  dissolved  chlorine  was  determined 
by  the  volumetric  method.  The  chlorine  contained  in  the  gas  was  also 
estimated  in  the  same  way,  the  tube  being  cooled  with  ether  and  opened 
under  iodide  of  potassium.  A  deduction  was  also  made  for  chlorine  con- 
tained in  the  residual  water,  the  volume  of  which  was  found  by  a 
second  weighing  after  the  volumetric  examination  of  the  water.  By 
these  observations,  all  the  data  for  the  calculation  of  x  and  y  are  given. 
To  obtain  from  a  series  of  experiments  the  values  of  x  and  y,  the 
same  formulae  were  used,  viz. 

h       h.  r 

y= pi'.    ^=-^-y 

0-76  (?;  +  Vi) 

V 

where   —  is,  as  before,  the  volume  of  pure  chlorine  dissolved  in  the 
ft 

Y 
unit  of  water ;  -^  the  volume  of  chlorine  dissolved  in  the  unit  of  water 

"'\ 
from  the  mixed  gases  chlorine  and   carbonic  acid,  v  the  volume  of 
chlorine  in  the  gas,  and  v^  the  volume  of  carbonic  acid. 

Two  experiments  thus  conducted  with  varying  volumes  of  chlorine, 
carbonic  acid,  and  water,  at  the  same  temperature,  show  very  closely 
approximative  results : — 

Experiment  I. 

7'=29°-5  P= 0-7428 
Capacity  of  tube  =  82*62  cc.  ; 
Weight  of  tube  empty  =16*745  ; 
Weight  of  tube,  water,  and  gas  =  33-005  ; 

Volumetric  analysis  of  the  solution  :  n  —  \  ;  ^j,  =3*5  ;  /f=70-8  ; 
Weight  of  tube  and  residual  water=17*192; 
Volumetric  analysis  of  the  gas  :  7«  =  2  ;  /j  =44*8  ;   ^  =  64*8. 
From  these  elements  we  obtain — 

^1  =  15-098     i;=18*120     ^i  =  16-265     ?;  +  i?i  =  67-455 
Hence, 

2/  =  l-141;    .^'  =  0*6287. 
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Experiment  II. 

7^=29°-5  P=0-7514 
Capacity  of  tube,  and  weight  of  tube  empty,  same  as  I. 
Weight  of  tube  and  solution  =  04 '69  ; 

Volumetric  analysis  of  the  solution  :  n  =  2  ;  ^^  =  58*0  ;  /  =  68'0  ; 
Weight  of  tube  and  residual  H0  =  17-160  ; 
Volumetric  analysis  of  the  gas  :  n  =  2 ;  /i  =  43'0;  ^  =  68*1. 

From  these  elements  we  obtain — 

ri  =  17-455     ?;  =  19-939     /«i  =  17-945     i;  +  ?;i  =  64-775 

Hence 

2/  =  ia456    ^=0-6241. 


The  following   table  shows  the  values  of 

X  and  2/  for  various  tem- 

peratures,  as  calculated  from  the  experiments 

with  chlorine  and  carbonic 

acid  : — 

13°-5     .   . 

.     2/=  1-7940     .  .  . 

^  =  0-5955 

14°-4     .  . 

.     2/  =  l'7948     .  .  . 

^  =  0-5963 

17^-5     .  . 

.     2/=  1-7990     .  .  . 

^=0-4599 

20°-5     .  . 

.     ?/  =  1-4024     .  . 

^=0-7638 

22°0     .  . 

.     y  =  l'SVZ9     .  .  . 

.2?=0-7605 

25°-0     .  . 

.     2/=  1-2214     .  . 

■^=0-7191 

29°-0     .  . 

'.     2/  =  l-1022     .  . 

^=0-6675 

29°-5     .  . 

.     2/=  1-1438     .  . 

,27=0-6264 

36°0     .  . 

.     y  =  0S230     .  . 

,^•=0-6283 

Mean  value  of  <r  for  all  the  experiments,  0*6399. 


From  these  experiments  it  is  clear  that,  for  the  same  temperature, 
the  amount  of  chlorine  not  obeying  the  law  of  absorption,  varies  with 
the  nature  of  the  other  absorbed  gas,  and  that  the  absorption-co- 
efficient of  chlorine  is  also  altered  by  this  circumstance.  It  is  seen 
from  the  first  table  of  the  coefficients  for  chlorine  and  hydrogen,  that 
the  amount  of  chlorine  present  as  not  obeying  the  law,  diminishes  as 
the  temperature  increases  from  the  point  at  which  hydrate  of  chlorine 
is  formed.  In  the  determinations  with  carbonic  acid  and  chlorine, 
on  the  other  hand,  this  diminution  is  not  seen  at  the  temperature  at 
which  the  experiments  were  made. 
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III. — On  the  Preparation  of  the  Metals  of  the  Alkalies  and  Alkaline 
Earths  hy  Electrolysis. 

By  A.  Matthiessen,  Ph.D. 

The  following  researcli,  carried  out  at  the  suggestion  of  Professor 
Bun  sen,  in  his  laboratory,  upon  the  Electrolytic  Decomposition  of  the 
Salts  of  the  Alkalies  and  Alkaline  Earths,  seems  to  show  that  the 
statements  given  in  the  Handbooks  concerning  the  preparation  and 
properties  of  the  metals  of  the  alkaline  earths  are  for  the  most  part 
false.  Indeed,  it  is  more  than  probable  that  the  metals  calcium  and 
strontium  have  never  before  been  isolated ;  for  ail  the  experimenters 
who  have  supposed  that  they  have  prepared  the  metals,  describe  them 
as  silver-white,  whereas  the  globules  of  metal  as  large  as  a  pea,  which 
I  have  observed,  have  the  colour  and  lustre  of  gold  alloyed  with  silver. 
The  preparation  of  barium.,  strontium,  and  calcium,  presents  many 
singular  difficulties ;  for  if  galvanic  currents  of  various  intensities  be 
passed  through  the  fused  chlorides  of  these  metals,  by  means  of  two 
large  carbon  poles,  as  used  by  Bun  sen  for  the  preparation  of  mag- 
nesium,* a  number  of  small  flames  are  observed,  not  only  at  the 
negative,  but  also  at  the  positive  pole,  whether  at  a  high  or  low  tem- 
perature. These  small  flames  are  occasioned  by  the  metal  in  the 
form  of  a  powder,  burning,  rising  at  the  anode,  and  carried  to  the 
cathode  by  the  current  of  chlorine  evolved  there.  At  the  same  time 
a  small  quantity  of  basic  chloride  is  formed  round  the  anode,  which 
hinders  the  further  passage  of  the  current.  No  metallic  globules  are 
found  on  opening  the  cooled  crucible,  and  only  exceptionally  does  a 
part  of  the  chloride  evolve  hydrogen  on  moistening  with  water.  As 
the  mass  of  chloride  surrounding  the  negative  pole  had  a  strongly 
alkaline  reaction,  there  can  be  no  doubt  that  the  diminution  of  the 
strength  of  the  current  was  owing  to  the  formation  of  lime.  This  is 
explained  by  the  fact  that  the  chlorides,  when  fused  in  a  vessel  com- 
posed of  a  silicate,  soon  become  alkaline  under  the  influence  of  atmo- 
spheric moisture. 

Professor  Bunsen,  in  his  Electrolytic  Researches,  has  shown  that 
the  density  of  the  current  is  the  chief  condition  under  which  the  electri- 
city is  able  to  overcome  the  chemical  affinities  of  different  substances. 
It  was  very  probable,*therefore,  that  with  a  current  of  greater  density 
the  formation  of  the  oxides  would  be  prevented,  as  Bunsen  found  in 
the  preparation  of  chromium  in  the  moist  way.f     Experiment  showed 

*  Bunsen  on  Magncsiiun   (Ann.  Ch.  Pharni.  Ixxxii.  137). 
t  Pogg.  Ann.  xoi.  619. 
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that  this  hypothesis  was  perfectly  correct ;  for  if  an  iron  wire  of  the 
size  of  a  needle  be  used  instead  of  the  large  carbon  negative  pole, 
globules  of  potassium,  sodium,  calcmm,  strontium,  &c.  &c.,  are  easily 
reduced ;  so  that  in  future  the  preparation  of  these  metals  will  be  an 
easy  experiment  for  the  lecture-table.  Although  so  easily  reduced,  it 
is  difficult  to  obtain  the  metal  in  a  coherent  mass,  and  to  separate  it 
from  the  surrounding  chloride.  The  reduced  metal  being  specifically 
lighter  than  the  fused  salt,  it  rises  to  the  surface  and  burns  before  it 
can  be  collected.  If  one  attempts  to  collect  the  metallic  globules  by 
means  of  a  bell-shaped  vessel  of  glass,  the  metal  reduces  the  silicon, 
which  separates  out  in  the  form  of  a  black  powder,  and  prevents  the 
metal  fusing.  I  propose  three  methods  for  avoiding  these  difficulties, — 
Firstly,  by  using  a  platinum  wire  as  negative  pole  :  this,  however,  gives 
an  impure  metal,  or  rather  an  alloy  with  platinum,  which,  being  specifi- 
cally heavier  than  the  fused  chlorides,  sinks  to  the  bottom  of  the  vessel, 
and  is  there  found  as  a  metallic  ball.  Secondly,  by  fusing  together 
the  chlorides  of  two  metals  mixed  in  equivalent  proportions  :  these 
double  chlorides  melt  at  a  temperature  so  low,  that  even  potassium 
and  sodium  are  not  volatilised  in  the  melted  mass.  If  the  heat  is 
regulated  in  such  a  manner  that  a  solid  crust  is  formed  on  the  top 
of  the  melted  mass,  only  round  the  negative  pole,  a  large  quantity 
of  metal  is  found  on  it  after  cooling  the  crucible.  The  third 
method  consists  in  the  separation  of  the  metal  on  the  immediate  sur- 
face of  the  melted  chlorides,  by  means  of  a  pointed  iron  wire  as  pole, 
on  to  which  the  fused  metal  hangs :  a  thin  film  of  melted  chloride 
serves  as  a  varnish  to  protect  it  from  oxidation.  It  naturally  depends 
on  the  metal  to  be  obtained,  which  of  the  three  methods  is  most 
applicable. 

I  shall  now  proceed  to  describe  the  preparation  and  properties  of 
calcium.  One  method — which  is,  however,  very  uncertain,  but  which, 
if  it  succeeds,  gives  globules  of  calcium  larger  than  peas  — is  the  fol- 
lowing : — A  mixture  of  two  equivalents  of  chloride  of  calcium  and  one 
of  chloride  of  strontium  with  a  small  quantity  of  chloride  of  ammo- 
nium, is  fused  in  a  Hessian  crucible;  an  iron  cylinder,  serving  as 
positive  pole,  is  placed  in  the  melted  mass ;  within  the  iron  cylinder 
is  then  placed  a  small  porous  cell  previously  made  red-hot,  and  after- 
wards filled  with  the  same  mixture  fused  in  a  porcelain  crucible.  A 
thin  iron  wire  or  fine  carbon  point  serves  as  the  negative  pole  in  the 
porous  cell.  If  the  porous  cell  be  filled  with  mixture  from  ^  inch  to 
I  inch  higher  than  the  outer  crucible,  it  is  easy  to  regulate  the  fire  so 
that  a  solid  crust  shall  be  formed  in  the  inner  cell,  whilst  the  outer  mass 
remains  liquid.     If  a  current  from  six  of  Bunsen's  elements  be  allowed 
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to  pass  through  the  mixture  thus  arranged  for  half  an  hour  to  an  hour, 
a  large  amount  of  reduced  calcium  is  obtained.  I  have,  however,  only 
obtained  the  metal  by  this  method  once  or  twice  in  globules ;  in  all 
the  other  experiments,  the  metal  was  reduced  in  the  form  of  a  powder, 
which  was  present  in  some  parts  of  the  mixture  in  such  quantity  that, 
upon  being  scraped  with  a  knife,  it  showed  the  colour  and  lustre  of 
gold  alloyed  with  silver.  Such  pieces,  when  thrown  in  water,  cause  a 
violent  evolution  of  hydrogen,  and  when  pulverised  under  strong  alcb- 
hol,  which  dissolves  the  chlorides,  leave  a  metallic  powder  only  slowly 
oxidable,  which,  when  rubbed  in  an  agate  mortar,  gives  gold-coloured 
streaks.  This  method,  on  account  of  its  uncertainty,  cannot  be  re- 
commended, and  I  therefore  proceed  to  describe  a  more  simple  and 
safe  one,  by  which  calcium  is  obtained  in  small  globules.  The  same 
mixture  of  salts  is  used,  and  melted  in  a  small  porcelain  crucible,  in 
which  a  carbon  positive  pole  is  placed,  and  a  thin  harpsichord  wire 
(wound  round  a  thicker  one),  dipping  only  under  the  surface  of  the 
melted  salt,  is  connected  with  the  zinc  of  the  battery. 

In  order  to  obtain  the  beads  of  calcium  which  hang  on  to  the  fine  wire, 
the  negative  pole  must  be  withdrawn  about  every  two  to  three  minutes, 
along  with  the  small  crust  which  forms  around  it.  The  surest  method, 
however,  to  obtain  the  metal,  although  in  very  small  beads,  is  by  placing 
a  pointed  iron  wire  merely  so  as  to  touch  the  surface  of  the  liquid  ; 
the  great  heat  evolved,  owing  to  the  resistance  to  the  current,  causes 
the  reduced  metal  to  fuse  and  drop  off  from  the  point  of  the  iron  wire, 
and  the  bead  is  recovered  from  the  liquid  by  means  of  a  small  iron 
spatula. 

The  properties  of  metallic  calcium  are  the  following  : — It  is  a  light- 
yellow  metal  of  the  colour  of  gold  alloyed  with  silver ;  on  a  freshly 
filed  surface,  the  lustre  somewhat  decreases  the  yellow  colour,  which 
becomes  more  apparent  if  the  light  be  reflected  several  times  from  two 
surfaces  of  calcium  :  a  thin  film  of  oxide  produces  the  same  effect. 
The  hardness  approaches  that  of  gold,  being  from  2  to  3.  It  is  par- 
ticularly ductile,  and  may  be  cut,  filed,  or  hammered  out  to  plates 
having  the  thickness  of  the  finest  paper,  a  piece  not  larger  than  a 
mustard-seed  having  been  flattened  to  the  size  of  10  to  15  square 
millimetres,  showing  only  a  few  cracks  at  the  border. 

Concerning  the  specific  gravity  of  calcium,  I  shall  return  to  it  shortly 
in  my  paper  on  strontium  and  barium.  In  dry  air,  the  metal  retains 
its  colour  and  lustre  for  a  few  days  only,  but  in  presence  of  moisture 
the  whole  mass  is  slowly  oxidised.  Heated  on  platina  foil  over  a 
spirit-lamp,  it  burns  at  a  red  heat  with  an  excessively  bright  flash,  about 
equal  in  intensity  to  the  voltaic  arc.      Calcium  is  only  slowly  acted  upon 
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by  dry  chlorine,  but,  when  heated,  burns  in  that  gas  with  a  most 
brilliant  light,  as  also  in  iodine,  bromine,  oxygen,  sulphur,  &c.  With 
phosphorus  it  combines  without  ignition,  forming  phosphide  of  calcium. 
Heated  mercury  dissolves  it  to  a  white  amalgam.  Water  is  rapidly 
decomposed  by  the  metal,  with  evolution  of  great  heat  and  hydrogen ; 
diluted  nitric,  hydrochloric,  and  sulphuric  acids  cause  a  still  more 
rapid  decomposition,  the  first  acid  often  causing  ignition.  Concen- 
trated nitric  acid,  even  when  heated  almost  to  boiling,  does  not  attack 
the  metal,  the  action  not  beginning  till  the  liquid  boils.  By  using 
water  as  the  liquid  element,  calcium  is  negative  to  potassium  and 
sodium,  but  positive  to  magnesium.  Nevertheless,  calcium  is  not 
reducible  by  potassium  or  sodium  from  its  chloride.  This  is  easily 
proved  by  the  following  experiment  : — If  1  equivalent  of  chloride  of 
sodium,  and  2  equivalents  of  chloride  of  calcium,  or  equal  equivalents 
of  chlorides  of  calcium  and  potassium,  be  melted  in  a  small  porcelain 
crucible  over  a  Berzelius  spirit-lamp,  owing  to  the  easy  fusibility  of 
the  mixtures,  the  metals  potassium  and  sodium  may  be  easily  pre- 
pared by  electrolysis  when  the  following  precautions  are  taken  : — The 
heat  must  be  so  regulated  that  a  solid  crust  forms  on  the  surface  around 
the  negative  carbon  pole,  whilst  the  mixture  remains  fused,  allowing 
the  free  evolution  of  chlorine  round  the  ])Ositive  pole  :  by  this  means, 
after  the  decomposition  has  continued  for  about  twenty  minutes,  and 
the  cooled  crucible  has  been  opened  under  rock-oil,  a  large  amount  of 
potassium  or  sodium,  almost  chemically  pure,  is  generally  obtained. 
If  the  same  experiment  be  repeated  at  a  white  heat  in  a  charcoal  fire, 
with  an  iron  wire  as  negative  pole,  small  globules  of  potassium  or 
sodium  are  seen  burning  on  the  surface,  which,  when  analysed,  are 
found  to  be  also  almost  chemically  pure. 

From  these  experiments  it  appears  that  the  metal  formerly  obtained 
by  the  reduction  of  chloride  of  calcium  with  the  alkaline  metals,  can- 
not be  calcium,  but  was  most  probably  a  mixture  of  potassium  or 
sodium  with  aluminium,  silicon,  &c. 


IV. — On  a  peculiar  Ejffiorescence  of  the  Chloride  of  Potassium. 

By  Robert  Warington. 

As  the  chloride  of  potassium  is  not  usually  classed  among  the  efflo- 
rescent salts  in  any  of  the  numerous  systems  or  manuals  of  chemistry, 
the  following  observations  may  not  be  without  interest  to  some  of 
the  members  of  the  Chemical  Society. 
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This  subject  was  first  brought  under  my  notice,  some  few  years 
since,  by  a  gentleman  in  the  establishment  at  the  Apothecaries'  Hall, 
who  had  been  endeavouring  at  his  own  lodgings  to  manufacture 
artificial  ultramarine,  in  the  course  of  which  he  had  attempted  (I 
believe  in  a  common  stove)  to  fuse  silica  with  carbonate  of  potash : 
the  fusion,  however,  had  evidently,  from  the  appearanceof  the  substance 
obtained,  been  imperfectly  effected, — from  the  want,  I  presume,  of  suf- 
ficient heat ;  and  the  resulting  mass  had  been  afterwards  treated  with 
hydrochloric  acid.  Not  having  obtained  the  kind  of  material  that 
had  been  anticipated,  owing  to  the  incomplete  manner  in  which  the 
operation  had  been  conducted,  the  whole  was  set  aside  for  some  time, 
when  attention  was  again  attracted  to  it  by  the  appearance  of  an 
efflorescent  growth  which  had  taken  place  in  the  mass,  and  which  had 
ruptured  it  into  fissures  in  various  directions,  these  fissures  being 
filled  with  bands  of  a  fibrous  saline  growth,  very  similar  in  appearance 
to  the  well-known  double  sulphate  of  iron  and  alumina,  or  hair  salt  of 
the  disintegrated  alum  shale  of  Hurlet  and  Campsie. 

It  was  in  this  state  when  it  was  placed  in  my  hands,  and  being  anxious 
as  a  preliminary  to  ascertain  to  what  extent  this  efflorescence  would  go 
on,  it  was  placed  in  a  shallow  dish  loosely  covered  with  a  small  cone 
of  paper,  to  keep  off"  the  dust,  and  set  aside  in  a  closet.  Under  these 
circumstances,  the  beautiful  silky  growth  continued  gradually  to 
increase,  until  the  crystals  had  reached  a  very  considerable  length, 
and  presented  an  appearance  very  similar  to  the  tufts  of  the  cotton 
grass,  or  the  long  cellular  filaments  of  the  thistle  down,  projecting  in 
all  directions  from  the  porous  matrix  of  the  partially  hydrated  silica. 
These  filamentous  crystals  were  readily  soluble  in  distilled  water, 
yielding  a  clear  and  perfectly  neutral  solution  ;  and  on  submitting 
them  to  analysis,  they  proved  to  be.  entirely  composed  of  chloride  of 
potassium. 

Thus  :  2  grs.  of  these  effloresced  filaments  were  dissolved  in  water, 
and  the  solution  evaporated  to  dryness,  to  ascertain  that  no  trace  of 
silica  was  present,  redissolved  in  water  acidulated^  by  nitric  acid, 
and  precipitated  by  a  solution  of  nitrate  of  silver  :  this  precipitate,  col- 
lected and  well  washed,  weighed,  after  drying,  3-78  grs.  of  chloride  of 
silver. 

The  filtered  solution  and  washings  were  then  treated  with  hydro- 
chloric acid  to  throw  ^own  the  excess  of  silver  salt,  which  precipitate 
was  separated  by  a  filter,  and  the  clear  liquor  evaporated  to  dryness 
to  decompose  all  the  nitrates.  The  dry  salt  was  next  redissolved  in 
water,  a  little  hydrochloric  acid  added,  and  then  precipitated  by  a 
solution  of  bichloride  of  platinum  in  excess,   and  the  whole  again 
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evaporated  carefully  to  dryness.  The  crystalline  product  was  then 
washed  with  ether-alcohol  to  remove  all  excess  of  the  test,  and  the 
double  chloride  of  platinum  and  potassium  thus  obtained  dried :  it 
weighed  6*4  grs.     We  have,  therefore : — 

Chloride  of  silver     ....     378  =  0*932  chlorine. 
Chloride  of  platinum  and  potassium  .     6*40  =  1-028  potassium. 


1-960 


Theory. 

Or,  09491 

1-0509 


2-0000 


When  this  efflorescent  salt  is  submitted  to  examination  by  the 
microscope,  it  presents  many  very  interesting  phenomena:  each 
apparently  single  thread  is  then  found  to  be  built  up,  as  it  were,  of 
an  aggregation  of  smaller  filaments,  intimately  united  together,  and, 
as  I  shall  presently  show,  having  a  cubic  structure. 

Viewed  by  a  high  magnifying  power,  a  very  curious  appearance  is 
exhibited.  The  single  filaments  are  seen  to  be  dotted  along  their  whole 
length  with  slight  depressions,  and  these  depressions  are  found  to  be 
perfectly  equidistant  the  one  from  the  other  over  certain  given  lengths ; 
thus,  they  are  most  widely  separated  at  the  lower  part  of  the  thread, 
or  its  base,  and  become  more  approximated,  for  certain  intervals  of 
distance,  as  the  fibre  elongates  and  gradually  becomes  smaller  in  its 
transverse  dimensions.  This  phenomenon,  I  am  induced  to  believe, 
indicates  the  step  or  point  at  which  the  growth  of  each  individual 
crystal  has  originated,  and  therefore  marks  its  point  of  attachment 
with  the  one  previously  formed,  so  that  the  filament  ultimately  re- 
sulting may  be  considered  as  a  series  of  microscopically  minute  cubic 
crystals  growing  one  upon  the  other  continuously,  and  that  the 
intervals  of  distance  by  which  these  depressions  are  separated  from 
each  other  will  indicate  the  diameter  of  the  single  cubic  needle  at  that 
particular  spot.  These  intervals  of  distance,  measured  by  a  micro- 
meter in  the  field  of  the  microscope,  were  found  to  range  from  — o-s^o^h 
to  TT-o-^o-oth  of  an  inch. 

Again,  when  these  filaments  are  fractured,  they  present  a  cleavage 
plane  at  right  angles  to  the  length  of  the  fibre.  They  also  prove  to 
be  single  refractors,  or  equiaxial  crystals, — that  is,  when  viewed  by 
polarised  lig'^ht  in  the  field  of  the  microscope,  placed  between  the 
polarising  and  analysing  plates  or  prisms,  they  exhibit  no  depolarising 
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power^  nor  allow  the  least  ray  of  light  to  pass  through  them  in  the 
dark  field,  thus  again  confirming  their  structure  as  being  cubical.  I 
may  mention  here,  also,  that  Gmelin,  in  his  excellent  "  Manual  of 
Chemistry,"  observes  that  the  chloride  of  potassium  frequently  crys- 
tallises from  its  solutions  in  cubes  prismatically  elongated. 

This  appears,  then,  to  be  another  instance  of  the  peculiar  crystalline 
growth,  under  the  same  cubic  form,  which  sometimes  occurs  in  solu- 
tions of  the  iodide  of  potassium,  and  a  memorandum  of  which  I  laid 
before  the  Society  on  the  evening  of  May  3,  1852.* 

The  remaining  point  which  presented  itself  to  my  attention  was  to 
ascertain  in  what  manner  I  could  best  preserve  this  beautiful  efflo- 
rescent growth  permanently,  so  as  at  the  same  time  to  admit  of  its 
transport  without  injury  to  the  delicate  silky  fibres,  which  I  had  found 
were  liable  to  fracture  by  the  slightest  touch.  After  some  preliminary 
trials,  I  at  last  adopted  the  plan  exhibited  in  the  specimen  before  you, 
in  which  a  thick  cream  of  plaster  of  Paris  and  water  was  first  carefully 
introduced  into  the  interior  of  the  specimen  jar,  so  as  to  cover  the 
bottom  to  the  depth  of  about  half  an  inch,  without  soiling  the  sides ; 
and  while  this  was  still  in  its  semi-fluid  state,  the  mass  of  silica,  with 
its  impregnating  saline  matter,  was  carefully  imbedded  in  it,  and  the 
vessel,  being  loosely  covered,  was  set  aside.  I  should  state  also,  that 
the  crop  of  the  efflorescent  salt  which  existed  on  the  surface  of  the 
mass  was  first  moistened  with  water,  in  order  that  it  might  be  dis- 
solved and  reabsorbed  by  the  porous  matrix  before  being  cemented  in 
the  bottom  of  the  jar.  After  a  short  time  the  efflorescence  gradually 
commenced  anew,  the  crystals  slowly  rising  in  tufts  of  beautiful  silky 
fibres,  and  filling  the  whole  of  the  lower  part  of  the  jar,  until  the 
filaments  had  many  of  them  reached  the  length  of  from  four  to  five 
inches. 


V. —  On  the  The7^mo- Electrical  Currents  generated  in  Elements 
where  Bismuth  is  used  to  form  the  Joint. 

By  Richard  Adie,  Liverpool. 

The  use  of  bismuth  as  a  solder  for  thermo-electrical  couples  appeared 
to  me  to  be  worthy  or  trial  for  a  variety  of  metals,  in  order  to  show 
the  extent  to  which  the  action  of  couples  might  be  governed  by  the 
nature  of  their  joint.     The  arrangement  of  the  bars  and  wires  of  me- 

*  Chem.  Soc.  Qu.  J.  r.  136. 
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tals  to  be  tested,  was  to  solder  them  together  by  means  of  small 
pieces  of  bismuth,  and  to  form  the  other  extremities  of  the  bars  into 
a  circuit  with  a  galvanometer.  To  each  pair  under  examination,  heat 
was  applied,  first  on  the  right  hand  side,  and  then  on  the  left  hand 
side  of  the  joint,  when  the  eflfect  on  the  direction  of  the  thermo-elec- 
tric current  generated  was  observed  by  the  galvanometer.  After  this 
manner,  72  thermo-electric  couples  were  examined.  The  following  is 
a  summary  of  the  effects  observed. 

In  nine  metals,  when  two  bars  of  the  same  metal  were  joined  by 
bismuth  solderings,  the  positive  electrical  current  flowed  in  an  oppo- 
site direction  to  that  of  the  heat  current.  These  metals  were  gold, 
silver,  platinum,  copper,  zinc,  cadmium,  antimony,  iron,  and  soft 
steel. 

In  three  metals  used  singly  with  bismuth  solderings,  the  direction 
in  which  the  heat  crossed  the  joint,  and  that  of  the  electricity,  were  the 
same.  These  metals  were  palladium,  lead,  and  tin.  Twenty-eight 
pairs  of  different  elements  soldered  by  bismuth,  being  combinations 
of  the  metals  tested  singly,  showed  the  direction  in  which  the  heat 
crossed  the  joint  to  be  opposite  to  that  of  the  electricity,  as  in  the  case 
of  the  nine  single  metals  tested, — total,  thirty- seven  pairs. 

One  pair  of  different  metals  soldered  by  bismuth  showed  heat  and 
electricity  to  cross  the  joint  in  the  same  direction,  as  in  the  instance 
of  the  three  single  metals  tested. 

Thirty-one  pairs  of  different  metals  soldered  by  bismuth  showed 
the  direction  of  the  passage  of  the  heat  across  the  joint  not  to  govern 
the  electrical  current;  they  acted  according  to  their  ascertained 
thermo-electrical  relation,  independently  of  the  side  of  the  joint  on 
which  the  heat  was  applied. 

On  looking  over  these  results,  I  was  led  to  examine  the  instances 
of  the  three  single  and  one  double  pair  of  elements,  to  see  why  they 
differed  from  the  thirty-seven  other  cases,  where  the  direction  of  the 
electrical  current  was  governed  by  the  passage  of  the  heat  across  the 
joint.  Their  peculiarity  appeared  to  me  to  arise  from  the  tendency 
the  bismuth  had  to  alloy  with  these  metals,  and  thus  form  joints  of  a 
mixture  of  metals,  which  gave  them  an  indefinite  character.  I  conse- 
quently sought  to  arrange  these  four  cases  with  bismuth  joints  of  a 
definite  kind. 

Experiment  I. — Two  slips  of  palladium  were  soldered  together 
with  a  thin  film  of  bismuth  for  the  joint ;  their  other  extremities  were 
connected  with  a  galvanometer.  When  heat  was  applied,  the  passage 
of  the  heat  and  electricity  across  the  joint  was  in  the  same  direction, 
as  I  had  previously  noted.     The  soldered  joint  was  broken  asunder  ; 
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the  palladium  surfaces  cleaned  free  from  the  bismuth  solder ;  and  to 
form  a  joint,  a  thin  piece  of  bismuth  was  placed  between  the  two  slips 
of  metal,  and  secured  in  its  position  by  firm  tying :  by  this  means 
a  couple  was  obtained  where  the  bismuth  had  a  definite  surface. 
When  heat  was  applied,  first  on  the  right  and  then  on  the  left  hand 
side  of  the  joint,  the  heat  and  electricity  crossed  it  on  opposite  direc- 
tions, in  the  same  manner  as  they  had  done  in  the  thirty-seven  cases 
where  the  direction  of  the  electrical  current  was  governed  by  a  bismuth- 
soldered  joint. 

Experiment  II. — Two  pieces  of  lead-wire  were  formed  into  a 
couple  with  a  small  piece  of  bismuth  tied  firmly  between  them.  In 
this  case  the  passage  of  the  heat  and  electricity  across  the  joint  was 
in  opposite  directions. 

Experiment  III. — Two  pieces  of  tin-wire  gave  a  result  similar  to 
No.  II. 

Experiment  IV. — A  wire  of  lead  and  a  wire  of  tin,  with  a  piece  of 
bismuth  tied  between  them  for  a  joint,  gave  a  similar  result  to  Nos. 
I.,  TL,  and  III. 

These  four  experiments  comprise  the  cases  noted  in  the  summary, 
where  the  passage  of  the  heat  and  electricity  across  the  joint  was 
in  the  same  direction ;  they  now  show  the  heat  and  electricity  to  cross 
the  joint  in  opposite  directions, — a  change  which  has  been  eiFected  by 
avoiding  the  mixture  which  soldering  of  these  metals  would  produce. 

To  obtain  pieces  of  bismuth  for  inserting  in  the  joints  for  the  above 
experiments,  the  point  of  a  bar  of  that  metal  was  held  in  the  flame  of 
a  candle  until  large  tear- like  drops  fell  from  it:  these  were  received  on 
a  smooth  surface  below,  in  the  form  of  thin  circular  discs.  The  discs 
admitted  of  being  cut  into  small  pieces.  The  weight  of  bismuth  put 
in  the  joints  for  the  above  experiments  varied  from  Vir^h  to  ^th  of  a 
grain ;  yet  this  small  quantity  of  bismuth  sufficed  to  render  active 
pieces  of  lead  and  tin,  which,  without  the  bismuth  joint,  would  only 
afford  a  trace  of  a  thermo-electrical  current. 

The  general  result  proved  by  these  experiments  is,  that  the  source 
of  the  thermo-electrical  current  is  the  surface  of  a  joint, — a  fact 
which  gives  additional  value  to  an  observation  I  made,  and  which  was 
published  in  the  Edinburgh  Philosophical  Magazine  for  1843,  that  a 
pair  of  bismuth  and  antimony  bars  soldered  together  by  pure  bis- 
muth, and  long  employed  to  generate  a  powerful  thermo-electric 
current,  produced  a  disintegration  of  the  bismuth  at  its  surface  of 
contact  with  the  antimony. 
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VI.  —  On  Thermo-Electric  Joints  formed  luith  the  metals  Antimo7iy, 
Bismuth,  and  Palladium. 

By  Richard    A  die,   Liverpool. 

Experiment  I. — A  bar  of  antimony  8  inches  long  was  broken  in 
the  centre,  and  soldered  together  again  with  pure  bismuth ;  while  the 
solder  was  fluid,  the  two  pieces  of  antimony  were  pressed  firmly 
together,  so  that  the  coating  of  bismuth  in  the  joint  should  be  as  thin 
as  possible.  When  the  right  side  of  the  joint  was  heated,  the  left 
became  the  positive  thermo-electric  element ;  and  when  the  left  side 
was  heated,  the  right  side  stood  positive.  This  ejBfect,  where  the 
bismuth  has  no  sensible  thickness,  is  the  same  as  if  a  long  bar  of 
that  metal  had  intervened  between  the  two  pieces  of  antimony. 

Experiment  II. — A  slip  of  palladium  cut  into  two,  had  a  bismuth 
joint  prepared  as  thin  as  -possible,  like  the  experiment  No.  L  When 
the  right  side  of  the  joint  was  heated,  the  left  in  this  case  became 
negative ;  and  when  the  left  side  was  heated,  the  right  became 
negative. 

Experiment  III. — The  same  two  pieces  of  palladium  as  in  the 
last  experiment,  with  a  bismuth  joint  one-tenth  of  an  inch  in  thick- 
ness. When  heat  was  applied  on  the  right  side  of  the  joint,  the  left 
side  was  positive,  the  result  showing  that  the  increase  in  the  thick- 
ness of  the  bismuth  joint  had  rendered  the  effect  similar  to  that  which 
would  have  been  produced  by  a  long  bar. 

Experiment  IV. — A  slip  of  palladium  and  a  bar  of  antimony 
formed  the  couple  for  this  experiment,  joined  together  by  a  thin 
bismuth  joint.  The  recognised  action  of  these  metals,  when  heated 
together,  is  that  palladium  becomes  positive.  When  heat  was  ap- 
plied to  the  antimony  side,  palladium  was  positive ;  and  when  heat 
was  applied  to  the  palladium,  antimony  stood  positive  for  fifteen 
seconds ;  but  as  the  heat  penetrated  through  the  jo;nt,  the  palladium 
assumed  the  positive  position,  which  it  retained.  The  result  of  this 
experiment  I  consider  as  valuable,  for  illustrating  the  action  of  the 
first  and  second  surface  of  a  joint;  for  when  the  heat  is  applied  to 
the  palladium,  we  have  for  a  short  space  the  first  surface  in  action, 
with  antimony  positive,  then  a  reversal  of  the  current  when  the  heat 
reaches  the  second  surface. 

Experiment  V. — A  bar  of  antimony  was  tied  firmly  down  to  a 
bar  of  bismuth,  with  a  small  scale  of  sulphuret  of  silver  inserted  be- 
tween them  for  a  joint.     When  the  antimony  was  heated  to  near  400°, 
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an  attached  galvanometer  indicated  the  passage  of  a  feeble  current 
with  the  bismuth  positive,  or  in  its  natural  thermo-electric  position; 
and  when  the  heat  was  applied  to  the  bismuth  bar  near  the  joint,  the 
galvanometer  showed  bismuth  the  negative  metal,  with  a  feeble  current 
passing.  This  experiment  is  not  so  satisfactory  as  the  one  with  a 
sulphuretted  silver  wire  connected  with  the  bismuth,  being  more 
liable  to  fail  froQi  the  couple  becoming  active  at  too  low  a  tempe- 
rature, or  from  the  temperature  required  approaching  near  the 
melting-point  of  bismuth  ;  but  it  has  the  advantage  of  exhibiting 
the  two  most  opposite  thermo-electric  elements  in  an  inverted 
position. 

My  object  in  giving  the  results  of  these  experiments  is  to  show 
cases  where  a  thin  coating  of  bismuth  in  a  joint  acts  in  several  ways. 

1st.  The  same  as  if  it  had  been  a  bar  of  that  metal  in  Experiment  I. 
Instances  of  this  kind  arc  numerous  among  thermo-electric  couples 
where  the  antagonistic  negative  and  positive  properties  of  the  two 
elements  are  not  strongly  marked,  as  in  the  single  metals,  in  zinc  and 
silver,  in  gold  and  in  many  of  its  combinations,  copper,  &c. 

2nd.  Where  a  thin  bismuth  joint  did  not  act  as  if  it  were  a  bar, 
and  yet  the  direction  of  the  flow  of  heat  across  the  joint  governed  that 
of  the  electrical  current  generated.  Cases  of  this  kind  are  rare.  With 
lead  and  tin  I  have  met  with  very  feeble  currents  of  a  like  cha- 
racter, but  the  arrangement  given  is  the  most  certain  form  of  the 
experiment. 

3rd.  Where  a  thin  bismuth  joint  acted  for  a  brief  period  of  time, 
as  if  it  had  been  a  long  bar,  and  then  acted  like  a  couple  in  its 
recognised  thermo-electric  position,  independent  of  the  method  of 
applying  the  heat.  I  have  noticed  this  property  in  other  thermo- 
electric couples,  where  palladium  formed  one  of  the  elements. 

The  permanent  action  of  the  joint,  after  a  lapse  of  fifteen  seconds, 
where  the  recognised  thermo-electric  relation  of  the  elements  is 
maintained,  notwithstanding  the  thin  bismuth  joint  or  the  direction 
in  which  the  heat  is  made  to  cross  it,  is  one  of  frequent  occurrence : 
we  meet  it  in  the  combination  of  metals  which  have  decided 
antagonistic  thermo-electric  positions,  such  as  palladium,  platinum, 
zinc,  iron,  antimony,  &c. ;  but  Experiment  V.  shows  that  such  ele- 
ments may  have  their  natural  thermo-electric  position  inverted  by  a 
joint  offering  greater  resistance. 
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January  15,  1855. 

Dr.  A.  W.  Williamson,  Vice-President,  in  the  Chair. 

The  following  gentlemen  were  introduced  and  admitted  Fellows  of 
the  Society : — 

Nevil  Story  Maskelyne,  Esq.,  M.A.,  Oxford. 

H.  J.  Smith,  Esq.,  B.A.,  Oxford. 

Charles  Loudon  Bloxam,  Esq.,  King^s  College,  London. 

Charles  W.  Heaton,  Esq.,  26,  Lime  Street. 

Fletcher  Norton,  Esq.,  5,  Stanhope  Street,  Hampstead  Road. 

The  following  donations  were  announced : — 

"  The  Journal  of  the  Society  of  Arts  -P  from  the  Society. 
"  The  Pharmaceutical  Journal  -^  from  the  Editor. 
*'  Report  of  the  Art-Union  of  London  :"  from  the  Society. 
"  The  Art-Union  Almanack  :"  from  the  Society. 

The  following  gentlemen  were  duly  elected  Fellows  of  the  Society  : — 

Matthew  Warton  Johnson,  Esq. 

Charles  Tookey,  Esq.,  3,  Mytre  Street,  Clarcmont  Square. 
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The  following  papers  were  read : — 

"  On  Thermo-Electric  Joints  formed  with  the  metals  Antimony, 
Bismuth,  and  Palladium  :^^  by  Eichard  Adie,  of  Liverpool. 

^'  Investigation  of  the  Vegetable  Tallow  from  a  Chinese  Plant,  the 
^Stillingia  sebifera' :"  by  Nevil  Story  Maskelyne,  M.A.,  F.G.S. 

''On  the  Absorption  of  Chlorine  in  Water:"  by  H.  E.  Roscoe, 
B.A.,  Ph.D. 


Februarys,  1855. 
Dr.  H.  Bence  Jones,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  :  — 

"The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

"  The  Pharmaceutical  Journal :"  from  the  Editor. 

"  The  Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vol.  IV.  :" 
from  the  Society. 

"Transactions  of  the  Royal  Society  of  Edinburgh,  Vol.  XXI. 
Part  1,  for  1853  and  1854;"  and 

"  Proceedings  of  the  Royal  Society  of  Edinburgh,  1853  and  1854  :" 
from  the  Royal  Society  of  Edinburgh. 

"Transactions  of  the  Royal  Society  of  London  for  1851,  1852, 
1853,  and  part  of  1854  :"  from  the  Royal  Society. 

"  List  of  the  Council  and  Fellows,  &c.  of  the  Royal  Society, 
Nov.  30,  1853  :"  from  the  Royal  Society. 

"  Illustrated  Catalogue  of  the  Calculi  and  other  Animal  Concretions 
contained  in  the  Museum  of  the  Royal  College  of  Surgeons,  Parts 
1  and  2  :"  from  the  Royal  College  of  Surgeons. 

"An  Account  of  the  Organic  Chemical  Constituents  or  Inter- 
mediate Principles  of  the  Excrements  of  Man  and  Animals  in  the 
healthy  state ;  by  W.  Marcet,  M.D. :"  from  the  Author. 

"  The  Jqurnal  of  the  Franklin  Institute  for  November  and  De- 
cember, 1854  'J'  from  the  Institute. 

"  Sitzungsberichte  der  kaiserlichen  Akademie  der  Wissenschaften, 
mathematisch-naturwissenschaftliche  Classe,"  Band  12,  Heft  5; 
Band  13,  Heft  1  and  2. 

"  Register  zu  den  ersten  10  Banden  der  Sitzungsberichte  geognos- 
tische  Karte  der  Umgebungen  von  Krems  und  von  Manhardsberge." 


40  PROCEEDINGS  OF  THE  CHEMICAL  SOCIETY. 

"  Jahrbuch  der  kaiserlich-koniglichen  geologischen  Reichsanstalt/' 
1854 :  No.  2,  April,  May,  June,  Wien. 

"Jahrbiicher  der  kaiserlich-koniglichen  Central- An  stalt  fiir 
Meteorologie  und  Magnetismus,  von  Karl  Kreil,  Wien  :^'  Band  1, 
1848  and  1849;  Band  2,  1850. 

''  Ueber  die  Nicht-einfachheit  der  Metalle,  des  Schwefels,  der  Kohle, 
des  Chlors,  von  Kotikovsky,  Wien." 

■  "  Ofversigt    af    Kongl   Vetenskaps    Akademiens    forhandlingar ; 
Tionde  Argangen  1853,  Stockholme." 

"  Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles  :"  Tome 
3,  Bulletin  30;  Tome  4,  Bulletin  32. 

The  following  gentlemen  were  duly  elected  Associates  of  the 
Society  : — 

Frederick  Stohmann,  University  College. 
Frederick  Versmann,  University  College. 

The  following  papers  were  read : — 

"  On  a  peculiar  Efflorescence  of  Chloride  of  Potassium  :"  by 
Robert  Warington. 

"  On  the  Preparation  of  the  Metals  of  the  Alkalies  and  Alkaline 
Earths  by  Electrolysis  :''  by  A.  Matthiessen,  Ph.D. 


February  19,  1855. 
Dr.  A.  W.  Williamson,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :^^  from  the  Publishers. 
"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 
"  The  Edinburgh  Medical  and   Surgical  Journal :''  from  the  Pub- 
lishers. 

"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 
"  The  Am.erican  Journal  of  Science  and  Arts  :"  from  the  Editors. 

A  paper  was  read  : — 

"On  the  Thermo-Electrical  Currents  generated  in  Elements  where 
Bismuth  is  used  to  form  the  Joint :''  by  Richard  Adie,  of  Liverpool. 
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March  5,  1855. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 
The  following  donations  were  announced  : — 

"  The  Literary  Gazette  -"  from  the  Publishers. 
"  The  Journal  of  the  Society  of  Arts  -"  from  the  Society. 
^'  The  Journal  of  the  Photographic  Society  -P  from  the  Society. 
"The  Pharmaceutical  Journal:"  from  the  Editor. 
"  The  Quarterly  Journal  of  the  Geological  Society :"    from   the 
Society. 

"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 

Mr.  John  Jones  Bancroft,  of  Ruthen,  North  Wales,  was  duly 
elected  a  Fellow  of  the  Society. 

Dr.   W.  Odling    made  a  verbal    communication   on    "Chemical 
Notation.'^ 


March  19,  1855. 

Dr.  G.  D.  LoNGSTAFF,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts  -P  from  the  Society. 

"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 

Dr.  W.  A.  Miller  delivered  a  discourse  upon  the    "Action   of 
Water  on  Lead." 


March  30,  1855. 
Dr.  A.  W.  Williamson,  Vice-President,  in  the  Chair. 

The  Report  of  the  Council,  and  the  Audited  Account  of  the 
Treasurer,  were  read. 

Mr.  E.  W.  Brayl^  and  Dr.  W.  Odling  having  been  appointed 
Scrutators,  the  meeting  proceeded  to  the  election  of  Council  and 
Officers  for  the  ensuing  year,  and  the  following  gentlemen  were 
declared  to  have  been  duly  elected  : — 


42  PROCEEDINGS  OF  THE  CHEMICAL  SOCIETY. 

PRESIDENT. 

W.  A.  Miller,  M.D.,  F.R.S. 

vice-presidents 
(who  have  filled  the  office  of  president.) 
W.  T.  Brande,  F.E.S.  Thomas  Graham,  F.R.S. 

C.  G.  B.  Daubeny,  M.D.,  F.R.S.  Colonel  Philip  Yorke,  F.R.S. 

vice-presidents. 
Warren  De  la  Rue,  Ph.D.,  F.R.S.  G.  D.  Longstaff,  M.D. 

H.  Bence  Jones,  M.D.,  F.R.S.  A.  W.  Williamson,  Ph.D. 

secretaries. 
B.  C.  Brodie,  F.R.S.  Theophilus  Redwood,  Ph.D. 

foreign  secretary. 
A.  W.  Hofmann,  Ph.D.,  F.R.S. 

treasurer. 
Robert  Porrett,  F.R.S. 

other  members  of  the  council. 

Thomas  Anderson,  M.D.  Charles  Heisch,  Esq. 

G.  B.  Buckton,  F.L.S.  Hugh  Lee  Pattinson,  F.R.S. 

Dugald  Campbell,  Esq.  John  Stenhouse,  LL.D.,  F.R.S. 

J.  H.  Gladstone,  Ph.D.,  F.R.S.  R.  D.  Thomson,  M.D..  F.R.S. 

W.  C.  Henry,  M.D.,  F.R.S.  Robert  Warington,  Esq. 

William  Herapath,  Esq.  John  Thomas  Way,  Esq. 

The  thanks  of  the  meeting  were  voted  to  the  President,  Officers, 
and  Council  for  their  services  during  the  past  year. 


NOTICES 

OF 

PAPERS    CONTAINED    IN    OTHER    JOURNALS. 
By  Henry  Watts,  B.A.,  F.C.S. 


On  Osmotic  Force.* 
By    Thomas    Graham,    F.R.S.,    &;c. 

The  expression  "  Osmotic  Force^^  (from  dxrfxog,  impulsio)  has  reference 
to  the  endosmose  and  exosmose  ofDutrochet. 

The  force  of  liquid  diffusibility  will  still  act  if  we  interpose  between 
the  two  liquids  a  porous  sheet  of  animal  membrane  or  of  unglazed 
earthenware ;  for  the  pores  of  such  a  septum  are  occupied  by  water, 
and  we  continue  to  have  an  uninterrupted  liquid  communication 
between  the  water  on  one  side  of  the  septum  and  the  saline  solution 
on  the  other  side. 

To  impel  by  pressure  any  liquid  through  the  pores  of  such  a  septum 
may  be  extremely  difficult,  from  the  interference  of  frictional  resistance 
and  the  attraction  of  capillarity.  But  these  last  forces  act  on  masses 
and  not  on  molecules,  and  the  ultimate  particles  of  water  and  salt 
which  alone  diffuse,  appear  really  to  permeate  the  channels  of  the 
porous  septum  with  little  or  no  impediment.  A  comparative  experi- 
ment on  diffusion,  with  and  without  septa,  is  easily  made  by  means  of 
a  wide-mouthed  phial,  which  is  filled  completely  with  saline  solution 
and  then  immersed  in  water,  in  one  experiment  with  the  mouth  of  the 
phial  open,  and  in  the  other  experiment  with  the  mouth  covered  by 
membrane.  In  a  fixed  time,  such  as  seven  days,  a  certain  quantity  of 
salt  leaves  the  phial  by  diffusion.  This  quantity  was  reduced  to  one- 
half  when  the  strong  and  thick  membrane  of  the  ox-gullet  was  used 
to  cover  the  mouth  of  the  phial ;  and  it  was  not  affected  in  a  sensible 
degree  by  passing  through  a  thinner  membrane,  consisting  of  ox-blad- 
der with  the  outer  muscular  coat  removed.  In  the  last  experiment 
the  actual  diffusates  were  0*631  grm.  common  salt  in  the  absence  of 
the  membrane,  and  0"636  grm.  common  salt  with  the  membrane 
interposed,  which  n^y  be  considered  as  the  same  quantity.  The 
diffusion  of  a  salt  appears  to  take  place,  therefore,  without  difficulty 
or  loss  through  the  substance  of  a  thin  membrane,  although  the 
mechanical  flow  of  a  liquid  may  be  nearly  stopped  by  such  an  obstacle. 

It  is  well  to  bear  in  mind  the  last  fact  in  the  consideration  of  what 

*  Phil.  Trans.  185i,  177. 
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is  seen  in  an  endosmotic  experiment.  An  open  glass  tube,  with  one 
end  expanded  into  a  bell  form  and  covered  by  tight  membrane,  forms  a 
vessel  which  may  be  filled  with  a  saline  solution  and  immersed  in  a  jar 
of  pure  water.  The  volume  of  liquid  in  this  osmometer  soon  begins  to 
increase  and  is  observed  to  rise  in  the  tube,  while  the  simultaneous 
appearance  of  salt  in  the  water  of  the  jar  may  easily  be  verified.  M. 
Dutrochet  described  the  result  as  the  movement  of  two  unequal 
streams  through  the  membrane  in  opposite  directions,  the  smaller 
stream  being  that  of  the  saline  solution  flowing  outwards,  and  the 
larger  that  of  pure  water  flowing  inwards.  The  double  current  has 
been  always  puzzling,  but  the  expression  of  the  fact  becomes  more 
conceivable  when  we  say  (as  we  may  do  truly)  that  the  molecules  of 
the  salt  travel  outwards  by  diffusion  through  the  porous  membrane. 
It  is  not  the  whole  saline  liquid  which  moves  outwards,  but  merely 
the  molecules  of  salt,  their  water  of  solution  being  passive.  The 
inward  current  of  water,  on  the  other  hand,  appears  to  be  a  true 
sensible  stream  or  a  current  carrying  masses.  The  passage  outwards 
of  the  salt  is  inevitable,  and  being  fully  accounted  for  by  diff*usibility, 
requires  no  further  explanation.  It  is  the  water  current  which  requires 
consideration,  and  for  which  a  cause  must  be  found.  This  flow  of  water 
through  the  membrane  I  shall  speak  of  as  osmose,  and  the  unknown 
power  producing  it  as  the  osmotic  force.  It  is  a  force  of  great  inten- 
sity, capable  of  supporting  a  column  of  water  many  feet  in  height,  as 
shown  in  Dutrochet's  well-known  experiments,  and  to  which 
naturalists  are  generally  disposed  to  ascribe  a  wide  sphere  of  action, 
both  in  the  vegetable  and  animal  kingdoms. 

Cannot  liquid  difl'usion  itself,  it  may  first  be  asked,  contribute  to 
produce  osmose?  Difl'usion  is  always  a  double  phenomenon,  and 
while  molecules  of  salt  pass  in  one  direction  through  the  membrane, 
molecules  of  water  no  doubt  pass  by  difl'usion  in  the  opposite  direction 
at  the  same  time,  and  replace  the  saline  molecules  in  the  osmometer. 
Water  also  is  probably  a  liquid  of  a  high  degree  of  diffusibility  ;  at 
least  it  appears  to  diffuse  four  times  more  rapidly  than  alcohol,  and 
four  or  six  times  more  rapidly,  therefore,  than  the  less  diff'usive 
salts.  A  possible  consequence  of  such  inequality  of  difl'usion  is,  that 
while  one  grain  of  a  certain  salt  diff'uses  out  of  the  osmometer,  four  or 
six  grains  of  water  may  difi*use  into  the  osmometer.  Liquid  diffusion, 
I  believe,  generally  tends  to  increase  the  volume  of  liquid  in  the 
osmometer,  and  a  portion,  if  not  the  whole,  of  the  small  osmose  of 
chloride  of  sodium,  sulphate  of  magnesia,  alcohol,  sugar,  and  many 
other  organic  substances,  may  be  due  to  the  relatively  low  diffusibility 
of  such  liquefied  bodies  compared  with  the  diffusibility  of  water.  But 
many  substances,  it  will  immediately  appear,  are  replaced  in  experi- 
ments of  endosmose,  not  by  four  or  six,  but  by  several  hundred  times 
their  volume  of  water,  and  manifestly  some  other  force  besides  diffusion 
is  at  work  in  the  osmometer.      $ 
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An  explanation  of  osmose  has  been  looked  for  in  capillarity  by 
Poisson^  Magnus,  and  by  Dutrochet  himself.  Combining  diffusion 
with  this  idea,  we  might  imagine  that  the  pure  water  which  first 
occupies  the  pores  of  the  septum  suffers  a  sudden  and  great  loss  of  its 
capillarity-force  when  the  salt  of  the  osmometer  enters  the  pores  by 
diffusion  and  mixes  with  the  water  they  contain.  Experiments  pub- 
lished by  Dutrochet  give  a  capillary  ascension  to  pure  water  of  12 
millimeters,  and  to  a  solution  of  common  salt,  of  density  1"12,  6*14 
millimeters,  or  only  one-half  of  the  former  ascension.  If  a  porous 
septum,  occupied  by  such  a  saline  solution,  had  the  same  solution  in 
contact  with  one  surface,  and  pure  water  in  contact  with  the  other 
surface  (the  actual  condition  of  the  septum  in  an  osmotic  experiment), 
the  pure  water  should  enter  its  pores  from  its  high  capillary  attraction, 
and,  like  a  solid  piston,  force  out  the  saline  solution  from  them  :  the 
saline  solution  so  displaced  would  go  to  swell  the  liquid  within  the 
osmometer.  When  the  pure  water,  now  again  occupying  the  pores, 
came  in  time  to  acquire  salt  by  diffusion,  the  displacement  would  be 
repeated,  and  a  continuous  osmose  or  flow  of  water  inwards  be  in  fact 
established. 

This  explanation  is  attended  with  certain  physical  difficulties,  but 
it  is  unnecessary  to  discuss  these,  as  the  experimental  basis  of  the 
hypothesis  is  unsound.  The  great  inequality  of  capillarity  assumed 
among  aqueous  fluids  does  not  exist.  Many  saline  solutions  which 
give  rise  to  the  highest  osmose  are,  I  find,  undistinguishable  in  capil- 
larity from  pure  water  itself.  To  obtain  constant  results  with  saline 
solutions,  the  capillary  tube  must  be  retained  for  some  minutes  in  the 
saline  solution  at  a  boiling  temperature,  and  afterwards  be  cooled 
without  removal  from  the  liquid,  otherwise  the  indications  are  singu- 
larly irregular  and  most  fallacious. 

The  near  equality  in  capillarity  of  solutions  of  the  most  different 
composition  is  very  apparent  in  my  observations,  which  are  placed 
together  in  the  following  series  of  capillary  ascensions  : — 

Capillary  ascension  of  several  liquids  in  the  same  glass  tube. 

Millimetei's. 

Water,  at  58°  F 17-75 

Water,  at  66° 17*55 

Carbonate  of  potash,  0*25  per  cent.,  in  water,  at  63°  17*2 

Carbonate  of  potash,  10  per  cent.,  in  water,  at  66°  .  17*55 

Carbonate  of  soda,  1  per  cent.,  at  61°    .  .  .  17*55 

Carbonate  of  soda,  10  per  cent.,  at  55°  .  .  16*85 

Sulphate  of  pot^fsh,  1  per  cent.,  at  58°  .         .  17*15 

Sulphate  of  potash,  saturated  solution,  at  58°  .  16*3 

Sulphate  of  soda,  1  per  cent.,  at  55°     .         .  .  17*75 

Sulphate  of  soda,  10  per  cent.,  at  58°    .         .         .  16*95 

Hydrochloric  acid,  1  percent.,  at  63°    .  .  .  17*5 
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Millimeters. 

17-4 
16-35 
16-65 
16-25 

8-1 
17-35 
172 
16-65 
1615 
15-05 
16-3 
15-5 
13-2 
11-05 

6- 


Fm.  1. 


Sulphuric  acid,  0-1  per  cent.,  at  63° 
Sulphuric  acid,  1  per  cent.,  at  63". 
Sulphuric  acid,  5  per  cent.,  at  63° 
Sulphuric  acid,  10  per  cent.,  at  63° 
Sulphuric  acid,  undiluted  (HO  SO3),  at  63' 
Oxalic  acid,  1  per  cent.,  at  66° 
Oxalic  acid,  4  per  cent.,  at  62° 
Ammonia,  0-1  per  cent.,  at  66° 
Ammonia,  1  per  cent.,  at  66° 
Ammonia,  12  per  cent.  (0-943  sp.  gr.),  at  66' 
Sugar,  10  per  cent.,  at  65°  .... 
Alcohol,  0-8  per  cent.  (0-9985  sp.  gr.),  at  60° 
Alcohol,  4-5  per  cent.  (0-992  sp.  gr.),  at  63° 
Alcohol,  7-8  per  cent.  (0-987  sp.  gr.),  at  60° 
Alcohol,  71  per  cent.  (0-869  sp.  gr.),  at  63°  . 

Alcohol  falls  in  the  greatest  degree  below  water  in  capillarity,  yet 
the  former  substance  is  one  of  the  least  remarkable  for  the  power  to 
occasion  osmose. 

The  newer  facts  to  be  related  also  in- 
crease the  difficulties  of  the  capillary  theory 
of  osmose. 

My  own  experiments  on  osmose  were 
made  with  both  mineral  and  organic  septa. 

1.  A  convenient  earthenware  or  baked 
clay  osmometer  is  easily  formed  by  fitting 
a  glass  tube  and  cover  to  the  mouth  of  the 
porous  cylinder,  often  used  as  a  cell  in 
Grovels  battery,  as  in  Fig.  1;  the  cylinder 
was  generally  five  inches  in  depth  by  i-7 
inch  in  width,  inside  measure,  and  was 
capable  of  holding  about  six  ounces  of 
water.  Guttapercha  is  much  preferable  to 
brass  as  the  material  for  the  cap  or  cover. 
The  glass  tube  above  was  also  compara- 
tively wide,  being  0-6  inch  or  15  milli- 
meters in  diameter,  and  was  divided  into 
millimeters.  It  was  not  more  than  6 
inches  in  length.  Each  of  the  divisions  or 
degrees  amounted  approximatively  to  y^-o  th 
part  of  the  capacity  of  the  clay  cylinder. 

In  conducting  an  experiment,  the  cy- 
linder, always  previously  moistened  with 
pure  water,  was  filled  with  any  saline  solu- 
tion to  the  base  of  the  glass  tube,  and 
immediately  placed   in    a  jar  of  distilled 


OSMOTIC  FORCE.  47 

water,  of  which  the  level  was  kept  adjusted  to  the  height  of  the  liquid 
in  the  tube  of  the  osmometer  throughout  the  whole  experiment,  so  as 
to  prevent  inequality  of  hydrostatic  pressure.  The  volume  of  water 
in  the  jar  was  comparatively  large,  fifty  to  eighty  ounces.  The  rise 
or  fall  of  the  liquid  in  the  tube  was  noted  hourly  for  five  hours.  This 
rise  commenced  immediately,  and  was  pretty  uniform  in  amount  for 
each  hour  during  the  short  period  of  the  experiment.  The  object  aimed 
at  was  to  observe  the  osmose  of  the  solution  before  its  composition  was 
materially  altered  by  dilution  and  the  escape  of  salt  by  diffusion.  The 
quantity  of  salt  diffused  from  the  osmometer  into  the  water-jar 
during  the  experiment  was  also  observed.  After  every  experi- 
ment the  osmometer  was  washed  out  by  distilled  water,  which  was 
allowed  to  permeate  the  porous  walls  of  the  cylinder,  under  the  pressure 
of  a  column  of  water  of  about  30  inches  in  height,  for  eighteen 
hours.  All  the  experiments  were  made  at  a  temperature  between  56° 
and  64°.  The  clay  osmometer  attained  a  considerable  degree  of 
uniformity  in  its  action,  when  the  same  saline  solution  was  diffused 
from  it  once  in  each  of  two  or  three  successive  days,  with  a  washing 
between  each  experiment.  A  single  observation  is  not  much  to  be 
relied  upon,  as  the  first  experiment  often  differs  considerably  from  the 
others.  One  per  cent,  solutions  were  always  used  when  the  propor- 
tion of  salt  is  not  specified.  Much  larger  proportions  of  salt  have 
hitherto  been  generally  employed,  but  it  was  early  observed  that  the 
osmose  absolutely  greatest  is  obtained  with  small  proportions  of  salts 
in  solution.  One  part  of  salt  to  400  water  gives  a  higher  osmose  in 
earthenware  than  any  other  proportion  for  the  great  majority  of  sub- 
stances. Osmose  appeared,  indeed,  to  be  peculiarly  the  phenomenon 
of  dilute  solutions. 

With  the  same  proportion  (1  per  cent.)  of  different  substances,  the 
osmose  varied  from  0  to  80  degrees.  Occasionally,  instead  of  a  rise 
of  liquid  in  the  tube,  a  fall  was  observed ;  the  fall  may  be  spoken  of 
as  negative  osmose,  to  distinguish  it  from  the  rise  or  positive  osmose. 

Soluble  substances  of  every  description  were  tried,  and  find  a  place 
in  the  following  classes  : — 

1.  Substances  of  small  osmotic  power  in  porous  earthenware; 
osmose  under  20  of  the  millimeter  degrees  (ms.) 

This  class  appears  to  include  nearly  all  neutral  organic  substances, 
such  as  alcohol,  pyroxylic  spirit,  sugar,  glucose,  mannite,  salicin, 
amygdalin,  salts  of  quinine  and  morphine,  tannin,  urea ;  also  certain 
active  chemical  substances,  which  are  not  salts  nor  acids ;  chlorine 
water,  bromine  water. 

The  great  proportion  of  neutral  salts  of  the  earths  and  metals 
proper  also  belong  to  the  same  class,  such  as  chloride  of  sodium,  of 
which  the  positive  osmose  was  greatest  in  a  solution  containing  no 
more  than  0*125  per  cent.,  being  19  ms.  with  that  proportion  of  salt, 
but  falling  off  and  often  becoming  slightly  negative  with  1  per  cent. 
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and  higher  proportions  of  salt  in  solution.  Chloride  of  potassium  is 
similar. 

Nitrate  of  soda  gave  an  osmose  of  8,  nitrate  of  silver  of  18  ms. 

The  salts  of  the  magnesian  oxides  are  all  low  and  sometimes  slightly 
negative.  Chlorides  of  barium  and  strontium  both  gave  18  ms. ; 
nitrate  of  strontia,  5  ms. ;  sulphate  of  magnesia^  0-5  per  cent.,  2  ms. ; 
2  per  cent.,  3  ms. ;  sulphate  of  zinc  was  very  similar,  +2  to  —2  ms., 
from  0-5  to  2  per  cent. ;  chloride  of  mercury,  1  per  cent.,  gave  6  and 
8  ms.  in  two  experiments. 

2.  Substances  of  an  intermediate  degree  of  osmotic  force ;  osmose 
from  20  to  35  degrees.  -  Sulphurous  acid  gave  20  ms.  Certain  vege- 
table acids  have  a  similar  osmose.  Tartaric  acid,  in  solutions  of  0*25, 
1,  and  4  per  cent.,  gave  24,  26,  and  28  ms. ;  citric  acid,  1  per  cent., 
30  ms.  Also  monobasic  acids,  such  as  hydrochloric  acid,  nitric  acid, 
acetic  acid,  have  the  same  moderate  osmotic  action  in  porous  earthen- 
ware. 

3.  Substances  of  considerable  osmotic  power  in  porous  earthenware; 
osmose  from  35  to  55  ms. 

In  this  class  are  found  the  polybasic  mineral  acids :  sulphuric  acid, 
0'5  per  cent.,  gave  even  63  ms. ;  2  per  cent.,  54  ms.,  or  nearly  the 
same  osmose  as  the  smaller  proportion  of  acid. 

In  another  earthenware  cylinder,  the  following  observations  on  the 
osmose  of  sulphuric  acid  were  successively  made  : — 

Millimeters. 

O'l  per  cent.  .  .  .  .43  and  43 

1      per  cent.  .  .  .  .40  and  40 

4     per  cent.  .  .  .  .41  and  39 

10     per  cent.  .  .  .  .     38  and  39 

The  results  exhibit  much  similarity  of  osmose  through  a  great 
range  (1  to  100)  in  the  proportion  of  acid.  So  small  a  quantity  of 
this  acid  as  one  part  in  1000  water,  appears  to  give  as  great  an  osmose 
as  any  larger  proportion  of  acid. 

Certain  neutral  salts,  sulphate  of  potash,  sulphate  of  soda,  sulphate 
of  ammonia,  belong  to  the  same  class. 

With  sulphate  of  soda  the  osmose  for  the  diflferent  proportions 
0-125,  0-25,  1,  and  4  per  cent,  of  salt,  was  46,  47,  36,  and  24  ms. 
respectively  ;  the  osmose  diminishing  with  the  increased  proportion 
of  salt. 

Of  sulphate  of  potash,  0*25  per  cent,  gave  51  ms. ;  1  per  cent.  46 
ms.,  and  4  per  cent.  38  ms.,  showing  no  great  change  from  one 
quarter  to  4  per  cent. ;  chromate  of  potash,  1  per  cent.,  gave  an  osmose 
of  54  ms. 

4.  Substances  exhibiting  the  highest  degree  of  osmotic  power  in 
porous  earthenware. 
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55 

63 

70  (highest) 

63 

56 


.    Salts  of  the  alkalies,  possessing  either  a   decided  acid   or  alkaline 
reaction,  and  certain  neutral  salts  of  potash. 

Binarseniate  of  potash  gave  66  ms. ;  Rochelle  salt  82  ms. 
With  binoxalate  of  potash  the  osmose  observed  in  an  earthenware 
osmometer  was — 

Millimeters, 
For  0  02  per  cent.        ...     32 
O"05  per  cent. 
0*1     per  cent. 
0-25  per  cent. 

1  per  cent. 

2  per  cent. 

Of  salts  having  alkaline  properties,  phosphate  of  soda  gave  705 ; 
borax,  carbonate  of  soda,  and  bicarbonate  of  soda,  all  gave  numbers 
which  ranged  above  (iO  ms.  in  various  osmometers. 

To  the  same  class  also  belong  certain  strong  acids,  phosphoric 
acid  giving  an  osmose *of  62  ms.,  glacial  phosphoric  acid  of  73  ms. 

The  caustic  alkalies  have  probably  too  strong  a  disorganizing 
action  upon  the  septum  to  allow  osmose  to  proceed  undisturbed. 
They  give  a  positive  osmose  when  present  in  a  minute  proportion, 
but  very  soon  attain  their  terme  moyen,  and  then  become  slightly 
negative. 

Caustic  soda,  0"01  per  cent.,  gave  24  ms. ;  0*02  per  cent.,  29  ms. ; 
0'05  per  cent.,  31  ms.,  which  was  the  highest  osmose  observed  ;  0*1 
per  cent.,  22  ms. ;  0*25  per  cent.,  3  ms.;  1  per  cent,  and  2  per  cent, 
of  caustic  soda  gave  both  —10  ms. 

It  appears  most  clearly  that  highly  osmotic  substances  are  also 
chemically  active  substances.  Both  acids  and  alkaline  substances 
possess  the  affinities  which  would  enable  them  to  act  upon  the  silicates 
of  lime  and  alumina,  which  form  the  basis  of  the  earthenware  septum. 
Lime  and  alumina  were  accordingly  found  in  solution  after  osmose, 
and  the  corrosion  of  the  septum  appeared  to  be  a  necessary  condition 
of  the  flow. 

It  was  found  impossible  to  exhaust  the  whole  soluble  matter  of  the 
walls  of  the  earthenware  osmometer,  by  washing,  either  with  water  or 
with  a  dilute  acid,  for  the  process  of  decomposition  appeared  to  be 
interminable.  After  such  washings  the  action  of  an  osmometer  was 
often  greatly  modified  upon  salts  of  moderate  osmose,  such  as  chloride 
or  sodium ;  and  similar  changes  gradually  took  place  in  the  osmometers 
when  used  in  ordinary  experiments  with  saline  solutions. 

It  is  on  this  account  that  I  avoid  the  lengthened  detail  of  numerous 
experiments  which  were  made  with  the  earthenware  osmometer,  and 
confine  myself  to  general  statements. 

Further,  the  potash  salts  were  also  largely  kept  back  or  absorbed 
by  the  earthenware,  a  phenomenon  of  the  same  class  as  the  retention 
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of  alkalies  by  aluminous  soils,  which  has  been  studied  by  Messrs. 
Thomson  and  Way. 

Other  septa,  which  were  not  acted  upon  by  the  salts,  were  found 
deficient  in  osmotic  activity,  although  possessed  of  the  requisite 
degree  of  porosity.  Gypsum,  compressed  charcoal,  and  tanned  sole- 
leather,  gave  rise  to  no  osmose  when  permeated  by  saline  solutions. 
White  plastic  clay  had  an  osmotic  power  which  was  quite  insig- 
nificant when  compared  with  that  of  baked  clay :  now  the  former 
may  be  considered  as  an  aluminous  compound,  upon  which  the  de- 
composing action  of  water  has  been  already  exhausted,  while  the  latter 
is  in  a  form  more  liable  to  decomposition,  in  consequence  of  an  effect 
of  heat  upon  the  constitution  of  the  aluminous  silicates  of  the  clay. 
A  plate  of  Caen  stone,  which  is  an  impure  limestone,  was  greatly 
more  active  with  a  solution  of  carbonate  of  potash  than  a  plate  of 
pure  white  marble  was.  The  effect  of  impurities  in  making  lime- 
stone suitable  for  osmose  did  not  escape  the  observation  of  D  ut  rochet; 
it  was  referred  by  him  to  the  attraction  of  alumina  for  water. 
Mere  capillarity,  therefore,  is  insufficient  to  produce  the  liquid  move- 
ment, while  the  vis  motrix  appears  to  be  some  form  of  chemical 
action . 

For  the  proper  appreciation  of  a  chemical  theory  of  the  osmotic 
force,  I  would  now  invite  attention  to  a  purely  speculative  subject, 
namely,  the  molecular  constitution  of  water  and  saline  solutions. 
Allowing  that  water,  in  the  state  of  vapour,  is  correctly  represented 
as  a  compound  of  one  equivalent  of  oxygen  and  one  of  hydrogen, 
it  may  still  be  true  that  the  molecule  of  liquid  water  is  a  varying 
aggregate  of  many  such  molecules,  or  is  n  times  HO.  But  if  so 
much  is  conceded,  a  new  and  peculiar  grouping  of  the  atoms  of 
oxygen  and  hydrogen  becomes  not  only  possible,  but  probable. 
Instead  of  arranging  them  in  a  series  of  pairs  of  H  +  0,  H  +  O  in 
our  compound  molecule,  we  may  give  a  binary  form  to  that  molecule 
in  which  a  single  atom  of  oxygen  is  the  negative  or  chlorous  member, 
and  the  whole  other  atoms  united  together  form  a  positive  or  basylous 
radical.  In  this  radical  we  have  a  certain  multiple  of  HO  with  one 
H  in  excess,  the  last  condition  being  most  usual  in  compound  radicals, 
such  as  ethyl,  methyl,  benzoyl,  &c.,  which  have  all  a  single  unbalanced 
equivalent  of  hydrogen  ;  11^0^==  (Hm+iOm)  +  0. 

Further,  this  new  oxide  should  be  more  easily  decomposed  than 
oxide  of  hydrogen,  HO.  The  basicity  of  the  radical  (Hm+i0,n)  depends 
upon  the  disproportion  of  the  equivalents  of  oxygen  and  hydrogen  in 
its  constitution,  there  being  one  of  hydrogen  in  excess.  Now  that 
disproportion  becomes  less  as  we  ascend,  as  in  3H  +  20,  IIH  +  IOO, 
101 II  + 1000  ;  and  the  more  feeble  the  basyl-atom,  it  may  be  supposed 
to  retain  less  forcibly  its  fellow  oxygen-atom  Or  other  negative  element 
with  which  it  is  combined.  When  water,  therefore,  has  to  undergo 
decomposition  in  a  voltaic  circle,  it  will  naturally  assume  the  molecular 
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arrangement  supposed,  as  being  the  binary  form  which  is  most  easily 
divisible  into  a  positive  and  negative  element^  or  that  in  which  water 
is  most  easily  decomposed. 

This  molecular  view  has  been  brought  forward  at  present  principally 
for  the  aid  which  it  gives  in  conceiving  what  is  known  as  electrical 
endosmose. 

This  interesting  phenomenon,  first  well  developed  by  our  colleague 
Mr.  Porrett,  has  very  lately  been  defined  with  great  clearness  by  M. 
Wiedemann.*  The  water  which  accumulates  at  the  negative  pole 
(or  follows  the  hydrogen),  in  the  electrolysis  of  the  pure  liquid,  is 
found  to  be  exactly  proportional  to  the  amount  of  circulating  afiinity  ; 
that  is,  with  every  equivalent  of  hydrogen  that  is  discharged  at  the 
negative  pole  the  same  quantity  of  water  arrives  there,  and  will  force 
its  way  through  a  porous  diaphragm  to  reach  that  destination.  The 
reason  now  suggested  is,  that  the  travelling  basylous  atom  in  the  voltaic 
decomposition  is  not  hydrogen  simply,  but  the  voluminous  basylous 
molecule  (H,n+iOm)  above  described;  which  again  breaks  up  at  the 
negative  pole  into  hydrogen  and  water,  (Hm+jOm)  =mHO  and  H, 

But  even  although  such  a  representation  of  the  circumstances  of 
electrical  endosmose  may  not  be  fully  admitted,  the  phenomenon  itself 
is  of  great  service  to  us,  as  showing  that  in  the  occurrence  of  chemical 
decompositions  affecting  ultimate  particles,  sensible  volumes  of  water 
may  be  involved  and  set  in  motion. 

Further,  in  considering  the  action  of  chemical  affinity  between  bodies 
in  solution,  between  an  acid  and  alkali  for  instance,  we  are  apt  to 
confine  our  attention  to  the  principal  actors  in  the  combination,  and 
to  neglect  entirely  their  associated  water  of  hydration.  Yet  both  the 
acid  and  base  may  have  large  trains  of  water  attached  to  them  by  the 
tie  of  chemical  union.  Sulphuric  acid  certainly  evolves  heat  with  the 
fiftieth  equivalent  of  water  that  is  added  to  it,  and  probably  in  dilute 
solution  that  acid  is  capable  of  having  a  still  greater  number,  indeed 
an  indefinitely  large  number,  of  equivalents  of  water  combined  with  it. 
In  fine,  there  is  reason  to  believe  that  chemical  affinity  passes,  in  its 
lowest  degrees,  into  the  attraction  of  aggregation. 

The  occurrence  of  chemical  decomposition  within  the  substance  of 
a  porous  resisting  septum  may  be  calculated  to  bring  into  view  the 
movement  and  disposal  of  the  water  chemically  associated  in  large 
quantities  with  the  combining  substances ;  as  the  interposition  of  a 
porous  diaphragm  in  electrical  endosmose  makes  sensible  a  translation 
of  water  in  voltaic  decompositions  which  is  not  otherwise  observable. 

II.  The  osmose  of  liquids  has  hitherto  been  principally  studied  in 
septa  of  animal  membraney  which  from  their  thinness,  their  ready 
permeability  combined  with  a  sufficient  power  of  resistance  to   the 

*  Pogg.  Ann.  Ixxxvii.  321. 
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passag'c  uf  liquids  under  pressure^  have  great  advantages  over  mineral 
substances. 

The  great  proportion  of  the  expeiiments  of  the  present  inquiry  were 
also  made  with  animal  membrane. 

The  membrane  osmometer  employed,  which  is  only  a  modification 
of  the  classical  instrument  of  Dutrochet,  was  prepared  as  follows  : — 

The  mouth  of  a  little  glass  bell-jar  A  (fig.  2)  had  first  loosely  applied 
to  it  a  plate  of  perforated  zinc  B  slightly  convex,  and  then  the  membrane 
was  tied  tightly  over  the  latter  for  the  sake  of  support  (fig.  3).     The 


EiG.  2. 


Fig.  3. 


quantity  of  metal  removed  in  the  perforations  of  the  zinc  plate 
amounted  to  49  per  cent,  of  the  weight  of  the  zinc.  This  plate  was 
always  varnished  or  painted,  to  impede,  if  not  entirely  prevent,  the 
solution  of  the  metal  by  acid  fluids.  The  usual  diameter  of  the  bulb 
was  about  3  inches  or  75  millimeters,  and  its  capacity  equal  to  5  or  6 
oz.  of  water.  The  tube  C  was  usually  not  more  than  6  inches  in  length, 
but  comparatively  wide,  its  diameter  being  about  7'5  millimeters,  that 
is,  one-tenth  of  the  diameter  of  the  mouth  of  the  bulb,  and  it  was 
divided  into  millimeters.  The  action  of  an  osmom<;ter  depends  chiefly 
upon  the  extent  of  membrane-surface  exposed,  and  very  little  upon  the 
capacity  of  the  instrument.  Hence  the  relation  of  diameters  (or  areas) 
between  the  bulb  and  tube  was  adopted  in  preference  to  the  relation 
in  capacity,  the  area  of  the  section  of  a  tube  being  one-hundredth  of 
the  area  of  the  disc  of  membrane,  or  rather  it  was  reduced  by  calcu- 
lation to  this  relation  by  means  of  a  coefficient  for  each  instrument. 
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Hence  a  rise  of  liquid  in  the  tube  amounting  to  100  millimeters 
indicates  the  admission  into  the  bulb  of  a  sheet  of  water  of  1  millimeter 
(one  twenty-fifth  part  of  an  inch)  in  depth,  over  the  whole  surface  of 
the  membrane,  and  so  in  proportion  for  a«y  other  rise  in  the  tube. 
These  millimeter  divisions  (ms.)  of  the  tube  mark,  therefore,  dej^rees 
of  osmose  which  have  an  absolute  and  equal  value  in  all  instrumen  ts. 
The  bulb  of  the  instrument  filled  with  the  solution  to  be  operated 
upon  was  placed  within  a  cylindrical  glass  jar  of  distilled  water,  con- 
taining at  least   sixty   ounces   (fig.   4),  and   during  the    experiment 

inequality  of  hydrostatic   pressure 
was  carefully  avoided  by  maintain- 
ing the  surface  of  the  water  in  the 
jar  at  the  level  of  the  liquid  in  the 
tube.  The  osmometer  was  supported 
upon   a  tripod  of  perforated    and 
painted  zinc,  at  a  height  of  about 
4  inches  from   the  bottom  of  the 
glass  cylinder.      The  osmose  was 
observed  hourly  for  five  hours,  durin  g 
which  time  it  advanced  in  general 
with  considerable  uniformity.     In 
an  experiment  with  fresh  ox-bladder 
as  the  septum,  and   a  solution  of 
1  per  cent,  of  carbonate  of  potash, 
in  the  osmometer,  the  rise  in  five 
consecutive  hours  was  10,  12,  11, 
14,  18  millimeter  degrees,  and  in 
five  hours  immediately  following, 
13,12,   9,    31,  and  12  millimeter 
degrees,   making  sixty  degrees  in 
the  first,  and  fifty-seven  degrees  in 
the  second    period  of  five    hours. 
The  quantity  of  salt  which  difi'used 
outwards    during    the   experiment 
of  five  hours  was  also  frequently 
determined,  usually  by  evaporatiiig 
the  liquid  of  the  water-jar  to  dry- 
ness ;  it  rarely  exceeded  one-tenth  part  of  the  salt  originally  present 
in  the  osmometer.     The  membrane  itself  was  also  weighed  before  it 
was  applied  to  the  osmometer,  and  agam  when  its  use  was  discontinued, 
which  was  generally  after  six  or  eight  experiments  had  been   made 
with  the  membrane.     A  loss  of  the  substance  of  the  membrane  was 
always  observed,  varying  from   20  to  upwards  of,  40  per  cent,   of  its 
original  weight. 

The  outer  muscular  coat  of  bladder  soon  becomes  putrescent,  and 
from  changes  in  its  consistence^  and  the  large   quantity  of  salts   and 
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other  soluble  substances  which  it  yields  by  decomposition,  gives  occa- 
sion to  much  irregularity  in  the  experiments.  The  great  change  in  the 
amount  of  osmose  often  produced  by  merely  turning  the  membrane, 
observed  by  M.  Matteucci  and  others,  depends  often,  I  believe,  upon 
the  soluble  matter  of  the  muscular  coat  being  thrown  outwards  or 
inwards,  according  as  the  membrane  is  applied.  The  muscular  coat 
was  on  this  account  removed  from  the  ox-bladder  employed,  and  the 
serous  membrane  remaining  found  to  acquire  greatly  increased  activity, 
and  also  to  act  with  much  greater  regularity  in  successive  experiments. 
The  membrane  so  prepared  could  be  used  for  weeks  together  without 
the  slightest  putrescence  of  any  part  of  it.  Two  of  these  thin  mem- 
branes, or  a  double  membrane,  were  often  applied.  The  weight  of  a 
disc  of  single  membrane,  4 4  inches  in  diameter  in  a  dry  state,  varied 
from  about  0*5  to  1*2  gramme.  The  soundness  of  the  membrane  of 
an  osmometer  and  its  degree  of  permeability  were  always  roughly  tested  . 
before  an  experiment,  by  filling  the  bulb,  without  its  tube,  completely 
with  water,  hanging  it  up  in  air,  and  observing  how  frequently  a  drop 
fell  from  the  instrument.  The  time  between  each  drop  varied,  with 
suitable  membranes,  from  one  to  twenty  minutes.  The  times  in 
which  water  permeated  the  same  membranes  by  osmose  varied  between 
much  narrower  limits,  perhaps  from  one  to  two. 

The  quantity  of  salt  which  traversed  different  membranes  by 
diffusion,  was  also  found  to  be  in  proportion  to  the  osmotic  permeability 
of  the  membranes,  and  not  to  their  mechanical  porosity. 

To  wash  the  membranes,  they  were  macerated  in  distilled  water 
after  every  experiment  for  not  less  than  eighteen  hours,  without  being 
ever  removed  from  the  glass  bulb.  A  membrane  also  was  never 
allowed  to  dry,  but  was  kept  humid  as  long  as  it  was  in  use  for 
experiments. 

Osmose  in  membrane  presented  many  points  of  similarity  to  osmose 
in  earthenware.  The  membrane  was  constantly  undergoing  decom- 
position, soluble  organic  matter  being  found  both  in  the  fluid  of  the 
osmometer  and  in  the  water  of  the  outer  jar  after  every  experiment ; 
and  the  action  of  the  membrane  appeared  to  be  exhaustible,  although 
in  a  very  slow  and  gradual  manner.  Those  salts  and  other  substances, 
of  which  a  small  proportion  is  sufficient  to  determine  a  large  osmose, 
are,  further,  all  of  the  class  of  chemically  active  substances,  while  the 
great  mass  of  neutral  organic  substances  and  perfectly  neutral 
monobasic  salts  of  the  metals,  such  as  the  alkahne  chlorides,  possess 
only  a  low  degree  of  action. 

When  a  solution  of  the  proper  kind  is  used  in  the  osmometer, 
the  passage  of  fluid  proceeds  with  a  velocity  wholly  unprecedented 
in  such  experiments.  Take,  for  instance,  the  rise  in  five  hours 
exhibited  in  a  series  of  experiments  upon  solutions  of  several  difiorent 
proportions  of  carbonate  of  potash,  made  in  succession  with  the  same 
membrane  in  the  order  in  which  they  are  related. 
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Millimeters. 

With  0-1  per  cent,  carbonate  of  potash,  a  rise  of  182 

With  0*1  per  cent,  carbonate  of  potash,  a  rise  of  120 

With  0*1  per  cent,  carbonate  of  potash,  a  rise  of  199 

With  0'5  per  cent,  carbonate  of  potash,  a  rise  of  2 16 

With  0*5  per  cent,  carbonate  of  potash,  a  rise  of  194 

With  1      per  cent,  carbonate  of  potash,  a  rise  of  205 

With  1      per  cent,  carbonate  of  potash,  a  rise  of  207 

Or  the  rise  in  the  same  time  with  another  membrane  which  had  been 
previously  exposed  to  a  steam  heat  of  212°  for  ten  minutes  without 
impairing  its  activity. 

Millimeters. 

With  1  per  cent,  carbonate  of  potash  at  60°  F.,  a  rise  of  402 
With  O'l  per  cent,  carbonate  of  potash  at  60°  F.,  a  rise  of  196 
With  0-1  per  cent,  carbonate  of  potash  at  60°  F._,  a  rise  of  153 
With  2  per  cent,  carbonate  of  potash  at  60°  F.,  a  rise  of  511 
With  4  per  cent,  carbonate  of  potash  at  60°  F.,  a  rise  of  781 
With  10     per  cent,  carbonate  of  potash  at  60°  F.,  a  rise  of  863 

In  the  last  experiment  a  rise  of  fluid  in  the  tube  of  upwards  of 
30  inches  occurs  in  five  hours,  and  so  much  water  is  iuipelled  through 
the  membrane  as  would  cover  its  whole  surface  to  a  depth  of  8*6 
millimeters,  or  one-third  of  an  inch.  Both  membranes,  but  particularly 
the  first,  show  the  comparatively  great  activity  of  small  proportions  of 
salt,  the  average  osmose  of  0*1  per  cent,  of  carbonate  of  potash  in  the 
first  osmometer  being  167  millimeter  degrees,  and  of  1  per  cent.  206 
millimeter  degrees. 

Now  the  quantity  of  carbonate  of  polash  which  diffuses  out  of 
the  osmometer  into  the  water-jar  was  determined  by  the^lkalimetrical 
method  in  the  second  and  third  of  the  0*1  per  cent,  observations 
first  related,  and  found  to  be  in  both  cases  0'018  gramme  (0-28 
grain)  ;  the  quantity  of  water  also  which  entered  in  return  can  be 
calculated  from  the  known  capacity  of  the  tube  of  the  osmometer, 
of  which  each  millimeter  division  represented  0  O60  gramme  of  water; 
and  consequently  167  divisions  represent  10*020  grammes  (155  grains) 
of  water.     We  have,  in  01  per  cent,  solution, — 

Mean  diffusate  of  carbonate  of  potash  .     O'OIS  grm.  =      1 
Mean  osmose  (of  water)     .         .         .  10*020  grms.  =  556 

The  conclusion  is,  that  while  the  membrane  was  traversed  daring 
the  five  hours  of  an  experiment  by  1  part  of  carbonate  of  potash 
passing  outwards,  it  was  traversed  by  556  parts  of  water  passing 
inwards. 

In  the  two  experiments  with  1  per  cent,  solution  of  carbonate  of 
potash  in  the  same  osmometer,  the  difFusates  were  0*192  and  0*198 
gramme  of  carbonate  of  potash,  which  are  sensibly  ten  times  greater 
than  the  diffusates  of  the  0*1  per  cent,  solution.     But  the  mean  osmose 
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of  the  1  per  cent,  solutions  is  greater  than  that  of  the  O'l   per  cent. 

solutions  only  in  the  proportion  of  206  to  167,  or  as  1  to  0-81.  The 

ratio  in  question,  however,  varies  greatly  in  different  membranes.  We 
have,  consequently,  in  1  per  cent,  solution, — 

Mean  difFusate  of  carbonate  of  potash    .     0*195  grm.  =   1 
Mean  osmose  (of  water)        .  .  .  12-360  grms.  =:  63-4 

Whatever,  therefore,  be  the  nature  of  the  chemical  action  occurring 
in  the  membrane  which  influences  osmose,  a  minute  amount  of  that 
action  appears  to  be  capable  of  producing  a  great  mechanical 
effect. 

All  idea  of  contractility  or  organic  structure  being  the  foundation 
of  the  osmotic  action  of  membrane,  was  excluded  by  the  observation 
that  similar  large  effects  could  be  obtained  from  a  septum  of  pure 
coagulated  albumen. 

A  convenient  albumen  osmometer  is  constructed  by  covering  the 
opening  of  the  bulb  of  the  former  instrument  by  ordinary  thin  cotton 
calico,  which  is  best  applied  wet,  and  painting  over  the  outer  surface 
of  the  calico  two  or  three  times  with  undiluted  egg  albumen,  an  hour 
being  allowed  to  elapse  between  each  application  of  the  albumen. 
The  instrument  is  then  suspended  in  the  steam  rising  from  boiling 
water  for  a  few  minutes,  so  as  to  completely  coagulate  the  albumen. 
The  albuminated  calico  may  then  be  macerated  for  twenty-four  hours 
before  use,  by  placing  the  osmometer  in  cold  water,  to  dissolve  out 
the  soluble  salts  of  the  albumen.  It  should  be  preserved  always  in  a 
humid  state.  Before  application  to  the  calico,  the  albumen  in  many 
cases  was  neutralised  with  acetic  acid,  and  filtered,  the  more  completely 
to  obliterate  every  trace  of  organic  structure. 

The  osmose  in  a  particular  instrument  of  this  kind  was,  at  50°,  for 

Millimeters. 

1     per  cent,  carbonate  of  potash  .  .211 

1     per  cent,  carbonate  of  potash  .  .     367 

1     per  cent,  carbonate  of  potash  .  .     387 

0*1  per  cent,  carbonate  of  potash  .  .     127 

0-1  per  cent,  carbonate  of  potash  .  .     124 

The  correct  rate  is  rarely  obtained  in  the  first  observation,  as  seen 
above,  in  osmometers  of  albumen  as  well  as  of  other  materials. 

The  albumen  plate  has  generally  a  greater  thickness  than  prepared 
membrane,  which  appears  to  diminish  proportionally  the  quantity  of 
salt  which  escapes  by  diffusion. 

The  difFusate  in  the  three  experiments  above  of  1  per  cent,  carbonate 
of  potash  was  0-024,  0*038,  and  0-042  grm.  of  the  salt.  The 
largest  proportion  of  carbonate  of  potash    (0*042   grm.)    which  was 
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obtained  in  the  last  of  the  three  experiments  was  replaced  by  23*220 
grms.  of  water,  or  552  times  the  weight  of  the  salt. 

An  obvious  and  essential  condition  of  osmose  is  difference  of  com- 
position in  the  two  fluids  in  contact  with  the  opposite  sides  of  the 
porous  septum.  With  the  same  solution,  or  with  pure  water,  in  con- 
tact with  both  surfaces  of  a  membrane  there  may  be  no  chemical 
action,  but  it  will  be  equal  on  both  sides,  and  although  probably 
attended  with  movements  of  the  fluids,  yet  nothing  will  be  indicated, 
as  the  movements,  being  equal  and  in  opposite  directions,  must  neu- 
tralise each  other.  Difference  of  composition  in  the  two  fluids  is 
necessary  in  order  that  there  may  be  inequality  of  action  upon  the 
two  sides  of  the  membrane.  It  is  difficult,  however,  with  respect  to 
the  chemical  action,  to  ascertain  either  its  true  sphere  or  its  exact 
nature.  No  substance  appears  to  be  permanently  deposited  in  the 
membrane  during  osmose,  even  by  easily  decomposed  metallic  salts, 
such  as  salts  of  lead  and  mercury.  The  action  upon  the  membrane 
is  probably  of  a  solvent  nature,  and  its  seat  may  possibly  be  ascertain- 
able when  two  membranes  are  used  together.  Some  observations 
made  on  the  comparative  loss  of  weight  of  the  outer  and  inner  mem- 
brane have  not,  however,  shown  any  remarkable  difference.  -But  this 
again  may  arise  from  the  great  proportion  of  the  loss  in  both  mem- 
branes being  due  to  the  ordinary  solvent  action  of  water  alone,  and 
the  operative  solvent  action  of  the  osmotic  salt  being  comparatively 
minute  in  amount;  or  it  may  depend,  and  I  am  most  inclined  at 
present  to  take  this  view,  upon  the  chemical  actions  being  of  a  different 
land  on  the  two  sides  of  the  membrane,  and  not  upon  the  inequality 
simply  of  one  kind  of  action.  Such  a  supposition  was  suggested  by 
the  fact,  which  will  immediately  appear,  that  osmotic  activity  and  easy 
decomposition  are  properties  often  found  together  in  binary  compounds. 
'J'he  basic  and  acid  agents  then  developed  are  both  capable  of  acting 
upon  albuminous  septa.  We  may  imagine,  for  instance,  in  the  osmo- 
tic action  of  a  neutral  salt,  the  formation  within  the  thickness  of  the 
septum  of  a  polar  circle,  one  segment  of  which  (composed  of  the  bi- 
nary molecules  of  the  salt)  presents  a  basic  molecule  to  the  albumen 
at  the  inner  surface  of  the  septum,  and  an  acid  molecule  to  the  albu- 
men at  the  outer  surface,  the  circle  being  completed  through  the 
substance  of  the  septum  which  forms  the  second  segment.  Both 
surfaces  of  the  septum  would  be  acted  upon,  but  at  one  side  we 
should  have  combination  of  the  albumen  with  an  alkali,  on  the  other 
side  with  an  acid.  This,  however,  must  be  taken  as  a  purely  ideal 
representation  of  the  condition  of  the  septum  in  osmose.  I  have  not 
discovered  such  a  pblar  condition  of  the  septum,  and  I  doubt  whe- 
ther the  galvanometer  could  be  properly  applied  to  exhibit  it,  as  the 
placing  of  the  poles  of  that  instrument  in  the  dissimilar  fluids  exist- 
ing on  opposite  sides  of  the  septum  would  alone  be  sufficient  to  give 
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rise  to  voltaic  polarisation.  At  present  I  must  confine  myself  to  the 
enunciation  of  certain  general  empirical  conclusions  respecting  the 
operation  of  chemical  affinity  in  osmotic  experiments. 

With  animal  septa,  frequent  examples  of  the  outward  flow  of 
liquid  from  the  osmometer  present  themselves,  causing  the  hquid 
column  to  fall  instead  of  rise  in  the  tube.  This  phenomenon  (exos- 
mose)  I  have  spoken  of  as  negative  osmose.  The  observation  of 
Dutrochet,  that  oxalic  acid  in  the  osmometer,  and  also  tartaric  acid 
at  a  certain  point  of  concentration,  give  rise  to  negative  osmose, 
I  have  been  able  to  generalise  in  so  far  as  acids  have  universally 
either  a  negative  osmose,  or  lie  at  the  very  bottom  of  the  positive 
class. 

Oxalic  acid  gave  in  membrane,  for  1  per  cent,  acid,  —148  ms. 
and  —  14Ims.  ;  and  for  0*1  per  cent.,  —10  and  —27ms.  In  another 
membrane^  1  per  cent,  of  the  same  acid  alone  gave  —136  ms. ;  with 
the  addition  of  0  1  per  cent,  hydrochloric  acid,  —181  and  —168  ms. 
By  the  addition  of  O'l  per  cent,  of  chloride  of  sodium,  a  salt  which 
in  small  proportions  is  nearly  neutral  to  osmose,  the  negative  osmose 
of  1  per  cent,  oxalic  acid  fell  in  the  same  membrane  to  — 45  ms.,  and 
with  the  addition  of  0*25  per  cent,  of  chloride  of  sodium  the  osmose 
was  +  6  ms.,  or  became  slightly  positive.  The  negative  osmose  of  1 
per  cent,  of  oxalic  acid,  in  a  membrane  where  it  amounted  to  —56 
and  —57  ms.  in  two  experiments,  became,  with  the  addition  of  0*1  per 
cent,  of  albumen  —46  ms. ;  of  0*25  per  cent,  of  albumen  —20  ms. ; 
of  0*25  per  cent,  of  gelatin  —59  ms.,  and  of  0*25  per  cent,  of  sugar 

—  53  ms. 

In  albuminated  calico,  the  osmose  of  1  per  cent,  of  oxalic  acid  was 
also  negative,  namely  —13,  —16  and  —20  ms.  in  three  successive 
observations.  With  the  addition  to  the  oxalic  acid  of  O'l  per  cent, 
hydrochloric  acid,  the  osmose  became  —46  and  —58  ms. ;  and  with 
the  addition  of  0*1  per  cent,  of  sulphurous  acid,  the  osmose  became 

—  62  and  —58  ms. 

Of  hydrochloric  acid  introduced  into  the  membrane-osmometer  in 
the  small  proportion  of  0*1  per  cent.,  the  negative  osmose  was  —92, 

—  37  and  —27  ms.  in  three  successive  experiments.  The  negative 
osmose  of  hydrochloric  acid  was  still  more  powerfully  counteracted 
than  that  of  oxalic  acid,  by  the  association  of  a  minute  proportion  of 
chloride  of  sodium  with  the  acid.  The  negative  osmose  of  this  acid 
appears  to  be  extremely  precarious.  It  is  reversed  by  a  great  variety 
of  neutral  soluble  substances,  and  on  that  account  can  rarely  be  ob- 
served at  all  with  bladder  undi vested  of  its  muscular  coat. 

In  a  certain  prepared  membrane,  sulphuric  acid,  0*1  percent.,  gave 
an  osmose  of  —4,  4-8  and  -f-7  ms. 

Nitric  acid,  O'l  per  cent.,  gave  an  osmose,  at  58°,  of  +8  and 
+  23  ms. 
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Trihasic  phosphoric  acid,  1  per  cent.,  gave  —6  and  —7  ms.,  at  61° 
and  GS'^.  The  difFusates  of  phosphoric  acid,  in  the  same  experiments, 
amounted  to  0'143  and  0-130  grm. 

The  glacial  or  monobasic  phosphoric  acid,  1  per  cent ,  gave  4-137 
and  +131  ms.,  at  55°,  which  is  a  considerable  positive  osmose,  an 
interesting  circumstance  when  taken  in  connexion  with  the  deficient 
acid  character  of  that  modification  of  phosphoric  acid.  The  same 
acid,  0*1  per  cent.,  gave  a  positive  osmose  in  the  last  membrane  of  28 
and  2ri  ms. 

Citric  acid,  1  per  cent.,  gave  39  and  36  ms.  ;  31  and  31  ms.,  at 
62°;  the  first  in  membrane  and  the  second  in  albumen. 

The  same  acid,  1  per  cent.,  after  being  fused  by  heat,  gave,  at  63°, 
—  38  and  —35  ms.  in  membrane;  0  m.  and  —2  ms.  in  albumen. 

A  small  proportion  of  fused  citric  acid,  O'l  per  cent.,  gave  on  the 
other  hand  a  slight  positive  osmose,  namely  15  ms.  and  2  ms.  in  the 
previous  membrane  and  albumen  osmometers  respectively. 

Tartaric  acid,  1  per  cent.,  gave  18  and  19  ms.  in  membrane,  at 
68° ;  with  20  ms.  in  albumen,  at  62°. 

The  same  acid,  after  being  fused  by  heat,  gave  —68  and  —61  ms. 
in  membrane,  at  57°,  showing  a  molecular  change  from  fusion,  as  in 
citric  acid. 

The  difFusate  in  the  last  two  experiments  was  0*123  grm.  and  0*132 
grm.  of  acid. 

In  albumen  the  osmose  of  fused  tartaric  acid  remained  slightly  posi- 
tive, being  5  and  2  ms.  for  1  per  cent.,  at  60°,  and  5  and  3  ms.  for 
0*1  per  cent.,  at  the  same  temperature. 

Racemic  acid,  1  per  cent.,  gave  4,  11,  and  7  ms.  in  three  experi- 
ments, at  55°,  in  the  last-used  membrane ;  with  15  and  22  ms.  at  the 
same  temperature  in  albumen ;  or  was  always  slightly  positive,  like 
tartaric  acid. 

Acetic  acid,  in  the  proportions  of  0*1,  0'5,  and  1  per  cent.,  gave 
sensibly  the  same  small  positive  osmose,  25  to  28  ms.,  at  57°  to  62°, 
in  membrane. 

A  saturated  solution  of  carbonic  acid  in  water  gave  25  and  26  ms. 
in  membrane,  with  20  and  22  ms.  in  albumen,  both  at  65°. 

The  last  solution,  diluted  with  an  equal  bulk  of  water,  gave  an  os- 
mose of  15  and  11  ms.  in  membrane,  and  16  ms.  twice  in  albumen, 
both  at  63°. 

Terchloride  of  gold  is  negative  in  its  osmose,  like  the  stronger  acids, 
giving  —49  and  —54  ms,  in  membrane,  at  64°,  with  much  reduction 
of  metallic  gold  in  the  substance  of  the  membrane. 

Bichloride  of  plaHnum,  made  as  neutral  as  possible  by  evaporation, 
gave  for  the  1  per  cent,  solution  —32  and  —30  ms.  in  membrane,  at 
01°.  For  the  0*1  per  cent,  solution,  a  positive  osmose  of  27,  14,  and 
5  ms.  in  three  successive  experiments  made  with  the  last  membrane. 
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at  64°,  65°,  and  62°.  The  same  1  per  cent,  solution  gave  in  albumen, 
at  61°,  a  positive  osmose  of  51  and  50  ms. ;  theO"!  per  cent,  solution 
also,  at  64°,  gave  43  ms.  Albumen  appears  thus  to  be  less  adapted 
for  bringing  out  the  negative  osmose  of  various  substances  than  mem- 
brane is. 

In  membrane,  bichloride  of  tin,  01  per  cent.,  gave  24  ms.,  at 
61°:  1  per  cent.  —46  and  —71  ms.,  at  59°.  The  addition  to  the 
last  of  0'5  per  cent,  of  sulphuric  acid  gave  —63  ms.,  or  did  not  alter 
the  character  of  the  osmose.  But  partial  neutralisation  of  the  1  per 
cent,  tin  solution  by  ammonia,  on  the  other  hand,  gave  0  m.,  or 
destroyed  all  osmose.  One  per  cent,  of  bichloride  of  tin  gave 
only  a  small  negative  osmose  in  albumen,  namely  5  ms.  twice, 
at  59°. 

Oxalic  acid  carries  the  highly  negative  character  of  its  osmose  into 
the  hinoxalate  of  potash,  of  which  1  per  cent,  of  anhydrous  salt  gave 
in  membrane  —112  and  —99  ms.,  at  62°;  O'l  per  cent.,  —30  ms., 
at  60°.  One  per  cent,  of  the  same  salt  in  albuminated  calico  gave 
—  20  ms.,  at  60°.  A  saturated  scJution  of  binoxalate  of  potash,  con- 
taining 2-5  per  cent,  of  salt,  gave  —15  ms.  in  the  last  osmometer. 

Bisalphate  of  potash,  1  per  cent.,  gave  4  and  7  ms.  in  membrane, 
at  56°;  in  albumen,  7,  3  and  6  ms.,  at  56°. 

A  solution  of  bitartrate  vf  potash,  saturated  in  the  cold,  also  gave 
a  small  positive  osmose,  namely  4  and  2  ms.  in  membrane,  and  20 
and  17  ms.  in  albumen,  both  at  56°.  Other  supersalts  tried  gave 
also  a  small  positive  osmose,  such  as  binarseniate  of  potash  and  bi- 
chromate of  potash.  It  becomes  doubtful,  therefore,  whether  any  of 
the  supersalts  of  potash  are  negative,  except  the  acid  oxalates  of  that 
base. 

Neutral  organic  substances  dissolved  in  water  appear  to  be  generally 
deficient  in  the  power  to  give  rise  in  membrane  to  that  osmose 
which  depends  upon  a  small  quantity  of  the  soluble  substance,  such 
as  1  per  cent.,  or  a  still  less  proportion.  The  osmose  obtained  in  ox- 
bladder  employed  without  removing  the  muscular  coat,  was,  in  1  per 
cent,  solutions  of  the  substances,  salicin  5  ms.,  tannin  3  ms.,  urea  4 
ms.,  gelatin  9  ms.,  amygdalin  6  ms.,  lactine  7  ms.,  gum-arabic  18 
ms.,  and  hydrochlorate  of  morphine  4  ms. 

The  relations  to  osmose  of  alcohol  and  sugar  were  more  fully  ex- 
amined. With  these  and  other  chemically  inactive  substances,  the 
osmose,  although  small  for  1  per  cent.,  increases  progressively  with 
larger  proportions  of  the  substance,  and  also  bears  a  close  relation  to 
the  proportion  of  substance  diffused  outwards,  circumstances  which 
give  a  mechanical  character  to  the  osmose.  It  is  with  such  sub- 
stances that  the  influence  of  difFusibility  upon  osmose  is  most  likely 
to  betray  itself.  They  have  a  peculiar  interest  in  the  study  of  the 
phenomenon,  as  they  present  a  certain  small  but  remarkably  uniform 
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amount  of  osmose  without  the  known  intervention  of  any  strong 
chemical  affinities. 

Alcohol. — In  describing  an  experiment  I  shall  endeavour  to  put 
forward  all  the  circumstances  which  can  be  supposed  to  influence  in 
any  way  the  result. 

In  the  table  which  follows^  Column  I.  contains  the  proportion  of 
absolute  alcohol,  by  weight,  which  is  dissolved  in  the  water  of  the 
osmometer. 

A  10  per  cent,  solution  is  prepared  by  weighing  10  grammes  of 
the  substance,  and  then  adding  water  to  it  so  as  to  make  up  the 
liquid  to  the  volume  of  100  grammes  of  water.  It  is  necessary  to 
make  up  in  this  way  solutions  used  in  experiments  of  diffusion  and 
osmose,  in  order  to  preserve  a  true  relation  in  solutions  containing 
the  different  proportions  of  substance,  for  it  is  a  fixed  volume  (not 
weight)  of  these  solutions  which  must  be  used  in  the  osmometer. 
We  come  thus  to  have  with  a  20  per  cent,  solution  of  alcohol  exactly 
twice  as  much  alcohol  in  the  osmometer  as  with  a  10  per  cent,  solu- 
tion of  alcohol,  and  so  of  other  proportions. 

The  membrane  of  the  osmometer  is  always  to  be  considered  as 
fresh,  or  as  used  for  the  first  time  in  the  first  experiment  narrated, 
and  the  observations  to  be  made  successively  as  they  stand  in  the 
table.  The  length  of  maceration  in  cold  water  to  which  the  membrane 
has  been  exposed  previous  to  the  osmotic  experiment,  as  before  de- 
scribed, is  given  in  Column  V.  By  the  most  frequent  time  of  one 
day  is  to  be  understood  the  space  of  eighteen  hours  which  intervened 
between  experiments  on  successive  days. 

The  hydrostatic  resistance  of  the  membrane  given  in  Column  VI. 
is  the  length  of  time,  in  minutes,  observed  to  elapse  between  the  fall 
of  two  drops  from  the  bulb  of  the  osmometer  filled  with  distilled 
water,  and  hung  up  in  air  as  already  described.  The  temperature  of 
the  water  in  the  glass  cylinder  during  the  experiment  is  noted  in 
Column  VII. ;  the  rise  of  fluid  in  the  tube  of  the  osmometer  or  osmose, 
in  millimeter  divisions  of  the  tube,  appears  in  Column  II.,  and  the 
absolute  amount  of  the  same  osmose  is  expressed  in  Column  III.  in 
grammes,  or  more  strictly  in  gramme  measures  of  water  Lastly, 
the  weight  of  diffusate  found  in  the  water  of  the  glass  cylinder  appears 
in  Column  IV.  These  last  two  data,  the  osmose  and  diffusate,  both 
in  grammes,  afford  the  means  of  comparing  the  weight  of  substance 
which  has  escaped  from  the  osmometer,  with  the  weight  of  water 
which  has  entered  the  osmometer  in  the  same  time.  It  is  necessary, 
however,  to  recollect,  that  the  apparent  osmose  or  rise  observed  is  only 
the  excess  in  volume  of  the  liquid  which  has  entered,  over  the  volume 
of  the  liquid  which  has  left  the  osmometer.  To  obtain  the  full  volume 
of  water  which  has  entered  (the  true  osmose),  it  is  therefore  neces- 
sary to  add  the  bulk  of  the  substance  diffused  to  the  osmose 
observed. 
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Table  I. — Alcohol  in  Osmometer  A  of  double  membrane 
during  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Eise  or 

Eise  or 

Diffusate 

Previous 

Hydrostatic 

Alcohol 

osmose  in 

osmose  in 

of 

maceration 

resistance 

Tempera- 

in 

millimeter 

grammes  of 

alcohol  in 

of 

of 

ture, 

solution. 

degrees. 

water. 

grammes. 

membrane. 

membrane. 

Fahr. 

per  cent. 

days. 

min. 

o 

0-25 

12 

— 

— 

1^ 

8 

63 

0-25 

7 

— 

— 

1 

8 

03 

1 

10 

— 

— 

1 

6 

66 

1 

15 

— 

— 

1 

6 

66 

2 

20 

— 

— 

1 

6 

67 

2 

22 

— 

— 

1 

6 

69 

5 

45 

1-984 

0-521 

2 

6 

72 

5 

45 

1-984 

0-452 

1 

8 

70 

10 

70 

3-072 

— 

1 

8 

67 

10 

76 

3-328 

— 

1 

8 

67 

20 

107 

4-672 

— 

1 

8 

67 

20 

109 

4-800 

— 

I 

8 

67 

A  second  series  of  observations  was  made  simultaneously,  in  another 
membrane  osmometer,  in  order  to  ascertain  the  degree  of  concordance 
to  be  expected  in  such  experiments. 

Table  II. — Alcohol  in  Osmometer  B  of  double  membrane 
for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

YII. 

Eise  or 

Eise  or 

Diffusate 

Previous 

Hydrostatic 

Alcohol 

osmose  hi 

osmose  m 

of 

maceration 

resistance 

Tempera- 

in 

millimeter 

grammes  of 

alcohol  in 

of 

of 

ture, 

solution. 

d(grees. 

water. 

grammes. 

membrane. 

membrane. 

Falir. 

per  cent. 

days. 

min. 

0 

1 

14 

— 

— 

2| 

12 

63 

1 

14 



— 

1 

12 

63 

2 

19 

— 

. — 

1 

8 

66 

2 

19 

— 

— 

1 

8 

66 

5 

46 

— 

— 

1 

8 

67 

5 

54 

2-482 

0-579 

1 

8 

69 

10 

90 

4-028 

1-505 

2 

6 

72 

10 

96 

4-332 

— 

1 

8 

70 

20 

120 

5-396 

— 

1 

8 

67 

20 

123 

5-472 

— 

1 

4 

67 

20 

.137 

6-156 

— 

1 

4 

67 

20 

142 

6-884 

— 

1 

4 

67 

It  will  be  observed  that  the  osmose  increases  with  the  proportion 
of  alcohol,  but  not  in  so  rapid  a  ratio ;  the  osmose  of  the  20  per  cent. 
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solution  being  about  only  ten  times  greater  than  that  of  the  1  per 
cent,  solution  in  both  series.  The  hydrostatic  resistance  of  the  mem- 
brane B  falls  off  in  a  remarkable  manner  in  the  later  experiments, 
indicating  an  increased  facility  of  permeation,  which  may  influence 
the  increased  osmose  in  the  last  two  observations  of  this  series.  The 
results  otherwise  of  the  two  series  exhibit  a  fair  amount  of  correspon- 
dence, both  in  the  degree  of  osmose  and  the  amount  of  diffusate  for 
the  same  proportions  of  alcohol  in  the  two  osmometers.  It  should  be 
added,  that  in  several  instances  the  water  in  the  jars  was  changed 
after  the  third  hour  of  the  experiment,  with  the  higher  proportions 
of  10  and  20  per  cent.  The  alcohol  was  determined,  after  it  had  been 
concentrated  by  two  distillations,  by  means  of  Drinkwater^s  table 
of  densities. 

Several  experiments  were  made  to  determine  the  proportion  of  the 
diffusate  of  alcohol  from  5  and  20  per  cent,  solutions  respectively  of 
that  substance,  in  membrane  osmometers.  The  mean  proportion  was 
as  1  to  3 '02,  which  is  mentioned  here,  as  I  was  led  at  first  to  a  different 
conclusion  by  earlier  and  imperfect  experiments. 

Sugar. — The  osmose  of  sugar  in  membrane  was  examined  very 
fully,  in  the  hope  that  the  simple  effect  of  diffusion  would  be  exhibited 
without  being  modified  by  any  chemical  action,  in  a  substance  so 
entirely  neutral. 

Crystallised  cane-sugar  was  made  use  of. 


Table  III. — Sugar  in  Osmometer  D  of  double  membrane 
for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Sugar 

Rise   in 

Same  in 

Diffusate  of 

Tempera- 

in 

millimeter 

grammes  of 

sugar  in 

Previous 

Hydrostatic 

ture, 

solution. 

degrees. 

water. 

grammes. 

maceration. 

resistance. 

Fahr. 

per  cent. 

days. 

min. 

o 

1 

21 

1027 

— 

1 

4 

04 

1 

8 

0-395 

0-150 

9 

2i 

03 

1 

19 

0-948 

0-140 

H 

63 

2 

19 

0-948 

0-178 

2i 

66 

2 

19 

0-948 

0-182 

21 

66 

5 

39 

1-900 

0-438 

2i 

67 

5 

49 

2-370 

0-480 

n 

69 

10 

Of) 

3-239 

1-110 

H 

72 

10 

79 

3-871 

0-853 

2i 

70 

10 

76 

8-713 

0-840 

3 

67 

20 

121 

•  5-975 

1-376 

3 

67 

20 

117 

-5-688 

1-485 

3 

67 

It  was  very  desirable  to  find  whether  the  deviations  from   a  re- 
gular progression  seen  in  the  numbers  for  the  osmose  and  diflusate  in 
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the  preceding  results  are  essential,  or  accidental  and  peculiar  to  the 
present  membrane.  It  was  also  desirable  to  find  whether  a  membrane 
would  stand  the  repetition  of  such  a  series  of  experiments  and  continue 
to  give  similar  results.  A  double  series  of  experiments  were  accord- 
ingly made  with  new  membrane. 

Table  IV. — Sugar  in  Osmometer  E  of  double  membrane 
for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Sugar 

in 

solution. 

Else  in 

niilUmeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  of 
sugar  in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 
0-25 

5 

0-240 

days. 

min. 
10 

o 

63 

0-25 

9 

0-420 

0050 

I 

10 

63 

1 

12 

0-531 

o-iio 

8 

66 

1 

U 

0-472 

0-106 

10 

60 

2 

24 

1-000 

0-205 

8 

67 

2 

31 

1-357 

0-208 

] 

8 

69 

5 

65 

2-891 

0-600 

8 

72 

5 

03 

2-773 

0555 

^ 

8 

70 

10 

80 

3-953 

1073 

1 

10 

67 

10 

104 

4-602 

0-967 

1 

10 

67 

10 

90 

4-2-18 

— 

10 

67 

20 

133 

5-900 

1-457 

10 

67 

20 

106 

4-720 

1-643 

10 

10 

64 

20 

US 

5-251 

]  656 

6 

64 

1 

19 

0-826 

1-105 

0 

68 

1 

19 

0-826 

J 

6 

65 

2 

24 

1062 

0-153 

I 

6 

65 

2 

25 

1121 

0-162 

6 

64 

5 

37 

1-652 

0-435 

8 

66 

5 

33 

1-425 

0-470 

8 

67 

10 

69 

3068 

0-757 

8 

67 

10 

76 

3-363 

— 

1 

8 

69 

20 

110 

4-807 

8 

70 

20 

112 

4-956 

1-540 

2 

3 

70 

The  diffusates  of  sugar  (Column  IV.)  were  obtained  by  evaporating 
the  fluid  of  the  water-jar  to  dryness,,  at  212°,  and  therefore  contain 
organic  matter  dissolved  out  of  the  membrane  ;  the  weight  of  each  of 
the  diffusates  is  increased  by  this  addition  a  few  thousandths,  but  not 
in  such  a  quantity  as  to  affect  the  result  to  an  extent  that  is  at  all 
material,  except  in  the  first  diffusate  recorded,  that  from  the  0-25  per 
cent,  solution. 

Although  the  results  exhibit  several  irregularities,  yet  starting 
from  the  1  per  cent,  observation,  in  the  first  series  of  Table  IV.,  the 
amount  both  of  osmose  and  diffusate  appears  compatible  with  an 
arithmetical  progression  in  the  observations  from  1  to  10  ))er  cent. 
Thus  the  average  rise  in  the  1  per  cent,  solution  is  11 '5   millimeter 
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degrees,  and  in  the  10  per  cent,  solution  96*3  ms. ;  the  average 
diffusate  in  the  1  per  cent,  solution  is  0*108  gramme,  and  in  the 
10  per  cent,  solution  1*020  gramme. 

But  with  the  20  per  cent,  solution  both  osmose  and  diffusate  fall 
off  greatly,  and  the  osmose  more  than  the  diffusate.  The  osmose  of 
the  20  per  cent,  solution  may  be  taken  as  125  ms., — the  mean  of 
the  first  and  third  observations,  133  and  118,  the  intermediate  ob- 
servation 106  being  obviously  exceptional,  possibly  from  the  unusually 
long  maceration  of  the  membrane  immediately  preceding  that  experi- 
ment. Hence  the  osmose  only  rises  from  96*3  ms.  to  125  ms.,  while 
the  proportion  of  sugar  in  the  osmometer  was  increased  from  10  to  20 
per  cent. 

The  mean  diffusate  of  sugar  also  increases  with  the  same  change 
only  from  1'020  gramme  to  l'5fe5  gramme. 

In  the  second  series  of  observations  with  the  same  membrane, 
given  in  the  lower  part  of  the  same  Table,  both  the  osmose  and 
diffusate  fall  off,  to  an  extent  which  is  perhaps  pretty  fairly  repre- 
sented by  the  10  per  cent,  solution,  which  gives  a  mean  osmose  of 
72-5  ms.  against  96*3  ms.  in  the  former  series,  and  a  diffusate  of 
0*757  gramme  against  1*020  gramme  in  the  former  sei'ies.  A  rough 
proportionality  between  the  two  series  of  observations  is  sufficiently 
indicated. 

Two  observations  are  recorded  in  the  last  series  which  must  not  be 
allowed  to  mislead.  These  are,  the  comparatively  high  osmose  of  19 
ms.  for  the  1  per  cent,  solution,  which  is  accidental,  and  arises  from 
the  1  per  cent,  experiments  having  been  immediately  preceded  by  the 
high  proportion  of  20  per  cent.  The  other  observation  referred  to  is 
the  high  diffusate  of  the  last  20  per  cent,  solution  at  the  bottom  of 
the  table,  which  has  no  doubt  been  occasioned  by  the  sudden  dimi- 
nution in  the  hydrostatic  resistance  of  the  membrane  from  8  to  3  in 
that  which  is  the  last  exj)erinient  of  the  series.  The  membrane,  indeed, 
appears  to  be  giving  way  after  its  long  use,  for  the  osmometer  had 
been  exposed  to  the  action  of  water  for  thirty-five  days  without  inter- 
mission. 

The  reason  why  the  diffusion  and  osmose  are  smaller  in  the  second 
series  of  experiments  than  in  the  first  series  (nearly  as  3  to  4),  is  (I 
believe),  that  the  membrane  softens  and  swells  somewhat  by  the  pro- 
tracted action  of  water ;  a  change  in  the  structure  of  the  membrane 
which  impedes  diffusion  by  increasing  the  length  of  the  channels 
through  which  the  salt  has  to  travel. 

It  may  now  be  interesting  to  discover  the  proportion  between  the 
water  which  enters  and  the  sugar  which  leaves  the  osmometer  in 
these  experim^ents.  That  proportion  appears  not  to  vary  greatly  in 
the  range  from  the  1  to  the  10  per  cent,  solution.  For  a  mean 
result,  the  sum  of  the  eight  diffusates  between  1  and  10  per  cent, 
inclusive,  in  the  first  series  of  observations  of  Table  IV.,  may  be  taken, 
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and  the  osmose  belonging  to  the  same  experiments.  There  are  so  ob- 
tained 3*824  grammes  of  sugar  diffused  against  an  osmose  of  17*639 
grammes  of  water.  But  this,  the  apparent  osmose,  has  to  be  increased 
by  the  bulk  of  the  sugar  diffused,  which  may  be  estimated  at  ten- 
seventeenths  of  its  weight  of  water,  or  2*25  grammes.  Adding  the 
last  quantity  to  17*639  grammes,  we  obtain — 

Sugar  or  diffusate       ....       3-824  grm.  =1 
Replacing  water 19*889  grm.  =5*2 

Hence  the  sugar  appears  to  be  replaced  in  osmose  by  rather  more 
than  five  times  its  weight  of  water.  The  less  complete  experiments 
with  alcohol,  previously  described,  indicate  a  nearly  similar  relation  to 
its  replacing  water. 

Calculating,  in  like  manner,  the  observations  made  upon  each  of 
the  five  proportions  of  sugar  in  Table  III.,  we  obtain  numbers  for  the 
replacing  water  which  oscillate  about  the  general  result  first  stated  : 
the  mean  diffusates  of  sugar  and  amounts  of  replacing  water  were  iu 
the  different  solutions  : — 

In    1  per  cent,  solution,  0*145  grm.  sugar  to  0*756  water  .  1  to  5*21 

In    2  per  cent,  solution,  0*180  grm.  sugar  to  1*054  water  .  1  to  5*85 

In    5  per  cent,  solution,  0*459  grm.  sugar  to  2*405  water  .  1  to  5*22 

In  10  per  cent,  solution,  0*934  grm.  sugar  to  4*158  water  .  1  to  4*43 

In  20  per  cent,  solution,  1*430  grm.  sugar  to  6*672  water  .  1  to  4*66 

The  mean  of  the  various  solutions  is  1  part  of  sugar  replaced  by 
5*07  water. 

The  phenomenon  of  the  osmose  of  sugar  partakes  very  much  of  a 
physical  character,  and  may  possibly  prove  to  be  nothing  more  than 
the  exchange  of  sugar  for  water  by  the  purely  mechanical  operation  of 
diffusion. 

A  third  series  of  observations  on  sugar  were  made  in  an  osmometer 
of  albuminated  calico.  The  results,  it  will  be  seen,  are  quite  in 
accordance  with  those  of  the  membrane  osmometers. 


Table  V. — Sugar  in  Osmometer  F  of  Albuminated  Calico 

for  five  hours. 

I. 

II. 

III.            ly. 

V. 

VI. 

YII. 

Sugar 

in 

solution. 

Rise  in 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  of 
sugar  in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

16 

0-684 

0*124 

day. 

min. 
2 

o 

59 

1 

22 

0-912             0-156 

10 

60 

4 

31 

1-3]  1 

0-476 

1 

61 

4 

42 

1-767 

0*505 

1 

63 

4 

34 

1*425 

0  542 

1 

63 

10 

92 

3-876 

1-283 

0-50 

63 

10 

106 

4  389 

1*179 

0*66 

64 

10 

90 

3-762 

1-193 

1 

63 
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This  osmometer  is  remarkable  for  the  variable  but  generally  very 
small  amount  of  its  hydrostatic  resistance,  a  condition  of  the  septum 
whicti  is  apt  to  increase  the  difFusate,  owing  to  the  expulsion  of  a 
portion  of  the  solution  by  the  pressure  of  the  dense  solution.  The 
diffusates  of  sugar  (Column  IV.)  may  be  considered  as  nearly  pro- 
portional to  the  per-centage  of  sugar  in  the  osmometer.  The  osmose 
of  the  4  and  10  per  cent  solutions  are  also  nearly  proportional,  the 
means  being  30  and  96  ms. ;  but  the  osmose  of  the  1  per  cent,  solu- 
tion is  sensibly  in  excess.  A  slight  excess  in  the  early  experiments 
with  an  albumen  osmometer  is,  it  may  be  remarked,  not  unusual,  and 
appears  to  be  due  to  the  considerable  quantity  of  soluble  matter,  wdth 
an  alkaline  reaction,  which  the  fresh  albumen  affords  to  the  water 
in  the  osmometer,  this  soluble  matter  then  acting  as  an  osmotic  body. 

Sulphate  of  Magnesia. — This  salt  was  selected  to  illustrate  the  os- 
mose of  neutral  salts.  The  sulphate  of  magnesia  is  neutral  to  test- 
paper.  It  appears,  further,  to  be  incapable  of  passing  into  the  con- 
dition of  a  stable  supersulphate  or  subsulphate  by  combining  with  an 
excess  of  either  acid  or  base,  and  is  not  decomposed  in  diffusion.  Such 
properties  secureto  a  salt  aremarkable  indifference,orabsence  of  chemical 
activity,  and  recommend  sulphate  of  magnesia  for  our  present  purpose. 

In  a  fresh  double  membrane,  1  per  cent,  of  sulphate  of  magnesia 
(anhydrous)  gave  the  small  osmose  of  13  and  14  ms.,  at  63°,  in  two 
experiments. 

A  full  series  of  observations  was  made  by  means  of  the  osmometer  F, 
used  above  with  sugar,  but  with  the  osmotic  septum  of  course  changed. 

Table  VI. — Sulphate  of  Magnesia  in  Osmometer  F  of  double 
membrane  for  five  hours. 


I. 

II. 

III. 

IV. 

^- 

YI. 

VII. 

Sulphate  of 

magnesia 
(anhydrous). 

Rise  hi 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  of 

salt  in 
grammes. 

Previous 
maceration. 

Hydro- 
static 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 
2 

30 

1-254 

days. 

min. 
10 

o 

72 

2 

33 

1-368 

0-265 

10 

70 

5 

78 

3-078 

0  540 

10 

67 

5 

76 

3  192 

0-553 

10 

67 

10 

152 

6-384 

1-020 

10 

67 

10 

134 

5-529 

0-962 

10 

67 

20 

238 

9918 

1623 

10 

15 

64 

20 

283 

11-836 

1-687 

3-5 

64 

1 

23 

0-969 

0-119 

5 

68 

J 

20 

•    0-855 

0-120 

5 

65 

2 

30 

1-254 

0-227 

5 

65 

2 

29 

1-197 

0-233 

5 

64 

5 

69 

2-907 

0-490 

6 

66 

5 

68 

2-850 

0-485 

6 

67 

10 

132 

5-529 

0-959 

6 

67 

10 

140 

5-871 

0-845 

6 

69 

20 

277 

11-628 

— 

6 

70 

20 

291 

12-198 

2-012 

2 

6 

70 
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The  diffui5ate  increases  in  a  somewhat  less  ratio  than  the  proportion 
of  salt  in  the  osmometer  in  both  of  the  two  series  of  observations  con- 
tained in  the  preceding  Table.  But  a  similar  falling  off  in  the 
amount  of  diffusate  from  the  higher  proportions  of  salt  takes  place  in 
the  diffusion  of  the  same  salt,  from  open  phials,  as  appeared  in  former 
experiments  on  the  diffusion  of  sulphate  of  magnesia.* 

The  different  solutions  then  operated  upon,  and  the  ratio  between 
the  diffusates  they  gave,  were  as  follows  : — 
Solutions  of  sulphate  of  mag- 
nesia diffused  .         .         .24  8  16  24  per  cent. 
Ratio   of  diffusate   of   these 

solutions  .         .         .2     3-671  6701    11-785  15-678 

The  proportions  of  sulphate  used  in  the  present  osmotic  experi- 
ments were  different,  but  ratios  may  be  found  for  them  by  interpolation, 
and  are  given  below.  We  are  thus  enabled  to  make  the  following 
comparison  of  the  diffusion  from  different  proportions  of  sulphate  of 
magnesia  :  (1)  in  the  absence  of  membrane;  (2)  in  the  first  series  of 
osmotic  experiments  given  in  the  preceding  Table;  (3)  in  the  second 
series  of  observations  of  the  same  Table  : — 
Sulphate  of  magnesia  in  solution  .  .  2 

(1)  Ratio  of  diffusates  without  membrane  2 

(2)  Ratio  of  diffusates  with  membrane    .  2 

(3)  Ratio  of  diffusates  with  membrane    .  2 
If  the  last  number   (17-34)  given  for  the  20  per  cent,   solution  of 

the  later  osmotic  series  be  excluded,  and  it  is  manifestly  in  consider- 
able excess  from  some  accidental  cause,  the  three  sets  of  ratios  must 
be  allowed  to  exhibit  considerable  agreement. 

The  membrane  appears  to  have  a  slight  effect  in  reducing  the 
diffusates  of  the  higher  proportions  of  salt ;  and  this  reduction  is 
greater  in  the  early  experiments  (2)  than  in  the  late  experiments  (3), 
made  with  the  same  osmometer.  The  comparative  diffusion  of  different 
proportions  of  sulphate  of  magnesia  appears,  therefore,  not  to  be  much 
deranged  by  the  intervention  of  membrane. 

The  average  osmose  of  sulphate  of  magnesia  likewise  exhibits  a 
pretty  uniform  progression.  In  the  first  series  of  experiments  of 
Table  VI.,  we  find  for  the  different  proportions  of  salt  in  solution  an 
osmose  of  31-5,  74-5,  143,  and  260*5  ms. ;  numbers  which  are  in  the 
ratio  given  below  : — 

Sulphate  of  magnesia  in  solution  .  .25         10        20  per  cent. 

Ratio  of  osmose  (first  series  of  experiments)  2     4-73     9*08  16*54 

In  the  later  experiments  of  the  same  Table,  the  different  proportions 
of  salt  (omitting  the  first  and  last  proportions)  give  an  average  osmose 
of  29*5, 68*5,  and  136  ms.,  of  which  the  ratios  may  be  stated  as  follows : 
Sulphate  of  magnesia  in  solution  .         .25         10  per  cent. 

Ratioof  osmose  (second  series  of  experiments)     2     4*64      9*22 
*  Phil.  Trans.  1850,  n.  822. 


5 

10        20  per  cent. 

4*43 

8-21   13*73 

4*12 

7*48  12*5 

4*24 

7*82  17*34 
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The  osmose  appears  here  to  follow  more  closely  in  its  value  the 
proportion  of  salt  in  solution  than  the  difFusate  can  be  said  to  do, 
either  in  open  vessels  or  through  membrane ;  so  far,  therefore,  the 
osmose  and  diffusate  do  not  preserve  a  constant  proportion  to  each 
other  with  this  salt. 

No  correction  need  be  applied  to  the  observed  osmose  of  sulphate 
of  magnesia,  as  this  salt  does  not  sensibly  increase  the  bulk  of  the 
water  in  which  it  is  dissolved.  The  weight  of  diffusate  in  Column  IV. 
may,  therefore,  be  immediately  compared  with  the  weights  of  water 
in  Column  III.  It  then  appears  that  in  the  first  series  of  the  osmotic 
observations  in  the  Table — 

In  2  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  5 '16  water. 
In  5  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  5*74  water. 
In  10  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  6*01  water. 
In  20  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  6-57  water. 

According  to  the  average  of  the  whole  proportions,  sulphate  of 
magnesia  is  replaced  by  5  87  times  its  weight  of  water. 

While  in  the  later  observations  of  the  same  Table — 
In    2  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  5*33  water. 
In    5  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  5'9    water. 
In  10  per  cent,  solution,  1  sulph.  magnesia  is  replaced  by  6-32  water. 

According  to  the  average  of  the  whole  proportions  of  salt  in  these 
later  observations,  sulphate  of  magnesia  is  replaced  by  5*85  times  its 
weight  of  water. 

The  want  of  uniformity  exhibited  above  in  the  relation  between  the 
quantities  of  water  and  salt  goes  some  way  to  prove  that  the  osmose 
of  sulphate  of  magnesia  in  membrane  is  not  pure  diffusion,  for  the 
ratio  between  the  exchanging  water  and  salt  (the  diffusion-volumes) 
should  then  remain  constant. 

On  the  other  hand,  the  approximation  to  uniformity  favours  the  idea 
of  the  existence  of  a  numerical  relation  between  the  osmose  and 
diffusate!  So  also  may  the  circumstance  be  considered,  that  sugar 
and  sulphate  of  magnesia,  which  approximate,  as  seen  above,  in  their 
osmose,  were  found  before  to  have  a  similar  degree  of  diffusibility.^ 
The  facts  appear  to  afford  a  strong  presumption,  but  no  demonstrative 
proof,  of  the  intervention  of  diffusion  in  governing  the  results  of 
osmose  in  such  neutral  substances.  The  influence  of  diffusion 
becomes  more  difficult  to  trace  in  the  osmose  of  three  other  neutral 
salts  which  I  shaU  now  introduce.  What  has  been  represented  as 
the  chemical  agency  now  begins  to  interfere  more  sensibly,  although 
not  to  govern  the  results  entirely,  as  it  a])peai*  to  do  in  less  strictly 
neutral  salts. 

Chloride  of  Sodium. — The  osmose  of  chloride  of  sodium  possesses 
a  certain  interest  independently  of  such  theoretical  considerations. 

*  Phil.  Trans.  1850,  p.  10. 
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Table  VII. — Chloride  of  Sodium  in   Osmometer  C  of  double 
membrane  for  five  hours. 


I. 

II. 

III. 

lY. 

V. 

VI. 

VII. 

Chloride 

Rise  in 

Same  in 

Diffusate  of 

Tempera- 

of 

millimeter 

grammes  of 

salt  in 

Previous 

Hydrostatic 

ture, 

sodium. 

degrees. 

water. 

grammes. 

maceration. 

resistance. 

Fahr. 

per  cent. 

days. 

min. 

o 

0-25 

12 

0-552 

— 

2 

16 

63 

0-25 

8 

0368 

0-068 

1 

16 

63 

1 

3 

0  138 

0-230 

1 

6 

66 

1 

13 

0-598 

0-242 

1 

8 

66 

2 

11 

0  506 

0-506 

1 

6 

67 

2 

16 

0-736 

0-511 

1 

3 

69 

5 

40 

2-34 

1-513 

2 

3 

72 

5 

51 

2-30 

1-468 

1 

2 

70 

10 

78 

3-496 

2-994 

1 

15 

67 

10 

82 

3-60 

2-648 

1 

2 

67 

20 

165 

7-36 

6-645 

1 

2 

67 

20 

167 

7-452 

6-!90 

1 

2 

67 

Chloride  of  sodium  is  known  to  diffuse  with  nearly  double  the 
rapidity  of  sulphate  of  magnesia  in  the  smaller  proportions  of  salt, 
and  with  a  still  higher  velocity  in  the  larger  proportions  of  salt ; 
accordingly  the  diffasates  in  the  last  Table  exceed  those  of  sulphate  of 
magnesia  in  a  corresponding  ratio.  The  osmose  appears  pretty 
uniform,  but  with  a  tendency  to  fall  below  the  average  rate  of  the 
salt  in  the  low  proportions,  sucb  as  1  and  2  per  cent.,  and  to  exceed 
the  same  rate  in  the  higher  proportions  of  salt.  In  a  septum  of 
single  membrane,  the  osmose  of  a  10  per  cent,  solution  was  observed 
to  rise  to  a  high  amount. 


Table  VIII. — Chloride  of  Sodium  in  Osmometer  H  of  single 
membrane  for  five  hours. 


I. 

II. 

III. 

lY. 

Y. 

YI. 

YII. 

Salt 

in 

solution. 

Rise  in 

millimeter 
degrees. 

Same  in 

grammes  of 

water. 

Diffusate  of 

salt  in 

grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

2 

2 
10 
10 

21 

24 

272 

311 

^1-04 

^1-20 

13-28 

15-68 

0-917 
0-955 
6-502 
7-850 

day. 
1 
1 
1 
1 

min. 
16 
16 
16 
12 

o 

66 
68 
68 
68 
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An  observation  was  made  on  the  osmose  of  a  high  proportion  of 
salt  with  another  single  membrane,  differing  from  the  last  in  offering 
considerably  less  hydrostatic  resistance. 

Table  IX. — Chloride  of  Sodium  in  Osmometer  I  of  single  membrane 

for  five  hours. 


I. 

II. 

III. 

lY. 

V. 

VI. 

VII. 

Salt 

in 

solution. 

Rise  in 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  of 

salt  in 

grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 
10 
10 

198 
194 

8-692 

8-528 

3-968 
5-297 

days. 
3 

1 

min. 
2-5 
2-5 

0 

68 
68 

To  these  I  add  a  series  of  observations  of  the  osmose  of  the  same 
salt  in  albumen,  with  the  view  of  exhibiting  the  phenomenon  in 
septa  of  that  material.  The  well-preserved  proportionality  of  the 
diffusate  is  remarkable. 


Table  X. — Chloride  of  Sodium  in  Osmometer  K  of  albuminated 
calico  for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Salt 

in 

solution. 

Rise  in 

millimeter 
degrees. 

Same 

in 

grammes. 

Diffusate 

in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 
1 

16 

0-141 

days. 
4 

min. 

8 

o 

65 

1 

27 

— 

0-219 

8 

62 

4 

39 



._ 

2 

60 

4 

34 

— 

0-625 

2 

56 

10 

43 

— 

1-580 

3 

59 

10 

61 

— 

1-615 

3 

60 

10 

72 

— 

1-597 

3 

61 

1 

27 

— 

0-153 

2-5 

63 

I 

22 

— 

0-141 

4 

63 

0-1 

27 

— 

0-016 

2-5 

63 

01 

29 

— 

0018 

4 

64 

Chloride  of  Barium. — Chloride  of  barium  in  its  rate  of  diffusion 
from  open  vessels  much  resembles  the  chloride  of  sodium.  Con- 
siderable analogy  between  the  same  salts  is  also  observed  in  osmotic 
experiments. 
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Table  XL — Chloride  of  Barium  in  Osmometer  L  of  double 
membrane  for  five  hours. 


I. 

11. 

III. 

IV. 

V.  ' 

VI. 

VII. 

iSalt 

in 

solution. 

Rise  in 

millimeter 
degrees. 

Same  in 

grammes  of 

water. 

Diffusate 
in 

grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

cla\8. 

min. 

c 

2 

35 

1-470 

— 

2 

10 

72 

2 

45 

1-886 

0075 

10 

70 

5 

94 

3036 

1-706 

8 

67 

5 

111 

4  674 

1-640 

6 

67 

5 

74 

3116 

1-203 

10 

07 

10 

154 

6-478 

4-491 

10 

67 

]0 

133 

5-570 

3-395 

10 

16 

64 

10 

130 

5-74 

2-929 

4 

64 

20 

207 

11-214 

6-860 

1 

8 

68 

20 

283 

11-79 

7-030 

8 

65 

1 

00 

2-543 

0-275 

8 

65 

1 

74 

3116 

0-230 

8 

64 

5 

74 

3-116 

0-602 

a 

60 

5 

74 

3-116 

1-587 

8 

67 

10 

152 

6-306 

3-795 

8 

67 

10 

154 

6-478 

4-040 

8 

69 

20 

337 

14-186 

— 

8 

70 

20 

320 

13-448 

8-130 

8 

70 

Table  XII. — Chloride  of  Calcium  in  Osmometer  M  of  double 
membrane  for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Salt 

in 

solution. 

Rise  in 

millimeter 
degrees. 

Same  in 

grammes  of 

water. 

Diflfusate 

in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

days. 

min. 

o 

2 

6 

0-258 

— 

2 

8 

72 

2 

6 

0-258 

0-795 

8 

70 

5 

45 

1-935 

2-29 

8 

67 

5 

60 

2-64 

1-83 

3 

67 

5 

51 

2-24 

2-636 

8 

67 

10 

228 

9-92 

4-256 

8 

67 

10 

188 

8-24 

3-607 

10 

12 

64 

10 

176 

7-76 

3-11 

6 

64 

20 

389 

17-2 

6-075 

3 

68 

20 

398 

17-6 



3 

65 

2 

24 

1-04 

0068 

4 

65 

2 

27 

1-2 

0  625 

4 

64 

5 

81 

3-6 

1-512 

5 

66 

5 

83 

3-68 

1-467 

5 

67 

10 

185 

8-16 

3-158 

5 

67 

10 

181 

8 

3-317 

5 

69 

20 

406 

18 

6-695 

5 

70 

20 

416 

18-4 

6-992 

5 

70 
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Chloride  of  Calcium. — The  diffusion  of  chloride  of  calcium  in 
open  vessels  has  been  observed  to  fall  below  that  of  chloride  of  barium 
as  7*5  to  6-5.*  But  in  membrane,  judging  from  the  following 
observations,  the  diffusion  of  chloride  of  calcium  is  the  more  rapid  of 
the  two.  The  osmose  has  also  a  tendency  to  rise,  particularly  in  the 
larger  proportions  of  chloride  of  calcium.  The  replacing  water  often 
exceeds  twice  the  weight  of  the  salt  diffused.     (See  Table  XIT.  p.  73.) 

These  three  chlorides,  possessing  about  double  the  diffusibility  of 
sugar  and  sulphate  of  magnesia,  should  be  replaced  by  half  as  much 
water  as  the  latter  substances.  Some  approach  to  this  ratio  may  be 
perceived  amid  much  irregularity  in  the  observed  osmose  of  the 
chlorides. 

Proceeding  now  to  the  salts  in  which  the  osmose  appearing  to 
depend  upon  chemical  properties  preponderates  greatly  over  osmose 
from  diffusion,  T  may  introduce  these  substances  under  the  metals 
which  they  contain  for  the  sake  of  their  relations  in  composition. 

POTASSIUM  AND  SODIUM. 

Hydrate  of  Potash. — A  highly  intense  osmose  appears  to  be 
determined  by  caustic  alkali,  but  it  is  necessary  to  apply  the  smallest 
proportions  of  alkali  to  avoid  the  rapid  dissolution  of  the  membrane. 
In  double  membrane  001  per  cent,  of  hydrate  of  potash,  or  1  alkali 
in  10,000  water,  gave  an  osmose  of  81  and  58  ms.  By  four  times  as 
much  alkali,  or  0*025  per  cent.,  an  osmose  of  49  and  67  ms.  was 
produced.     These  are  the  greatest  effects. 

On  increasing  the  proportion  of  hydrate  of  potash  to  0*5  per  cent, 
the  osmose  sunk  to  22  and  26  ms. ;  with  1  per  cent,  of  hydrate  of 
potash,  to  13  ms.  The  permeability  to  hydrostatic  pressure  was 
always  very  great,  being  never  less  than  one  drop  in  a  minute. 

By  the  action  of  the  alkali  in  the  last  experiment  the  permeability 
was  increased  from  three  to  nine  drops,  and  the  membrane  entirely 
ruined. 

A  similar  experiment  with  hydrate  of  potash  was  made  in  albuminated 
calico  with  similar  osmotic  results.  In  the  001  per  cent,  solution  an 
osmose  of  7Q  and  58  ms.  was  observed ;  in  0*025  per  cent,  solution 
87  and  126  ms. ;  in  0*5  per  cent,  solution  3  5  and  12  ms. ;  and  in  1 
per  cent,  solution  —  10ms ,  or  a  small  negative  osmose.  The 
permeability  both  before  and  after  the  last  experiment  was  represented 
by  one  drop  in  one  minute ;  in  both  the  half  per  cent,  experiments 
the  permeability  was  one  drop  in  three  minutes  ;  in  the  preceding 
0*025  per  cent,  solutions  one  drop  in  2^  minutes,  and  at  the  beginning 
one  drop  in  ten  and  five  minutes  with  the  0*01  per  cent,  solutions. 
The  alkali  first  became  sensible  to  the  test-paper  in  the  water-jar,  in 
the  diffusion  of  the  0*025  per  cent,  solutions.  During  both  series  of 
experiments  the  temperature  ranged  from  58°  to  62°. 

Carbonate  of  Potash. — The  high  osmose  of  this  salt  has  already 
*  Phil.  Trana.  1850,  pp.  817,  819. 
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been  often  referred  to  in  illustration  of  the  influence  of  alkaline  salts. 
The  following  experiments  may  be  compared  with  those  upon  the 
neutral  substances  lately  discussed^  particularly  in  regard  to  their 
diflfusates.  They  show  also  the  comparative  influence  of  membrane 
applied  single  and  double  to  an  osmometer. 

Table  XIII. — Carbonate  of  Potash  in  Osmometer  B  of  single 
membrane  for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

YI. 

VII. 

Propor- 
tion 
of  salt. 

Eise  in 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

DiiFusate  in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

2 

2 

10 

10 

635 

695 
892 
900 

28-576 
31-236 
40  128 
40-508 

0-514 
0-548 
2-897 
3-045 

day. 

1 
1 

1 
I 

min. 
20 
20 
16 
16 

o 

66 
68 
68 
68 

The  fluid  was  removed  from  the  water-jar  at  the  expiration  of  the 
third  hour,  and  replaced  by  distilled  water  to  prevent  the  reaction  of 
that  portion  of  the  salt  which  had  already  reached  the  jar  upon  the 
progress  of  diff*usion  from  the  osmometer,  both  in  the  preceding  and 
the  following  series  of  experiments. 

Table  XIV. — Carbonate  of  Potash  in  Osmometer  D  of  double 
membrane  for  five  hours. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Propor- 
tion 
of  salt. 

Eise  in 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

2 

2 

10 

10 

449 

484 
619 
595 

21-883 
23-621 
30-178 
28-993 

0-324 
0-400 
2-764 
3-150 

day. 

] 
1 

1 

min. 
16 
16 
16 
12 

0 

66 
68 
68 
68 

In  the  double  membrane,  the  average  osmose  of  the  2  per  cent, 
solution  is  reduced  to  466  ms.,  from  665  ms.  in  the  single  membrane. 
The  change  is  similar  in  the  10  per  cent,  solution,  namely  a  reduction 
to  607  from  896  ms. ;  a  reduction  of  nearly  one-third  of  the  osmose 
in  the  double  membrane  for  both  proportions  of  salt. 

The  difference  of    the  diff'usates  is    much  less  marked  ;    for  they 
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may  be  said  to  be  the  same  for  the  10  per  cent,  solutions,  namely 
3-966  grms.  in  the  single,  and  2*957  grms.  in  the  double  membrane ; 
and  for  the  2  per  cent,  solution  0-531  grm.  in  the  single,  and  0-326 
grm.  in  the  double  membrane.  The  diffusion  of  carbonate  of  potash, 
as  seen  here  in  membrane,  will  be  found  to  correspond  well  with  that 
of  chloride  of  sodium  (Table  VII.),  as  the  diffusion  of  the  same  two 
salts  in  open  vessels  is  known  to  present  a  near  approach  to  equality. 
The  great  osmose  or  current  of  fluid  inwards  might  be  supposed  to 
diminish  the  outward  movement  of  the  salt  under  diffusion  by  washing 
back  the  salt  into  the  osmometer.  But  the  diffusates  of  the  10  per 
*cent.  solutions  appear  to  have  suffered  no  remarkable  reduction  from 
that  or  any  other  cause.  The  diffusate  of  carbonate  of  potash,  which 
usually  passes  through  membrane,  appears,  however,  to  be  low.  In 
the  1  per  cent,  solution,  formerly  referred  to,  it  was  0*195  grm.  In 
the  series  of  observations  likewise  already  referred  to,  the  diffusate  of 
carbonate  was  also  low,  but  remarkably  uniform,  namely  0*018  grm. 
for  0-1  per  cent,  solution,  0  092  grm.  for  0*5  per  cent,  solution,  and 
0-196  grm.  for  the  1  per  cent,  solution. 

But  these  determinations  were  all  made  by  the  alkali  metrical 
method,  and  when  in  subsequent  observations  the  potash  was  also 
determined  by  weighmg  it  as  sulphate,  the  proportion  of  diffusate  was 
found  sensibly  increased.  It  hence  appears  that  carbonate  of  potash 
acts  chemically  upon  the  membrane,  and  that  a  portion  of  the  alkali 
diffuses  out  in  a  neutralised  state.  Thus  in  five  successive  experiments 
with  the  1  per  cent,  solution,  in  fresh  double  membrane,  the  diffusates 
by  the  alkaUmetrical  method  were  0-208,  0*254,  0*264,  0215,  and 
0*189  grm.  carbonate  of  potash ;  while  the  actual  quantity  of  alkali 
found  by  direct  analysis  corresponded  in  the  last  four  observations  to 
0*318,  0*353,  0-287,  and  0242  grm.  The  quantity  of  carbonate  of 
potash  which  has  suffered  change  in  passing  through  the  membrane 
is  0064,  0*089,  0*072,  and  0*053  grm.  in  these  four  experiments 
respectively. 

The  diffusates  of  carbonate  of  potash,  increased  by  those  quantities, 
approach  too  closely  to  those  of  chloride  of  sodium  to  warrant  the 
supposition  of  any  peculiar  repression  by  membrane  of  the  diffusion  of 
carbonate  of  potash,  which  otherwise  appeared  probable. 

The  observations  last  commented  upon  belong  to  a  number  under- 
taken with  the  view  of  ascertaining  three  points  of  interest,  which 
may  excuse  a  fuller  statement  of  the  experiments.  These  points  were, 
first,  the  influence  upon  osmose  of  the  air  dissolved  in  solutions  of 
carbonate  of  potash,  which  might  be  supposed  to  take  a  part  in 
the  chemical  action  of  the  membrane  ;  secondly,  the  effect  of  frequent 
repetition  of  the  experiment  in  exhausting  the  osmotic  activity  of 
membrane ;  and,  thirdly,  the  relation  in  osmose  of  an  alkaline  carbo- 
nate and  phosphate. 
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Table  XV. — Solutions  in  Osmometer  L  of  double  membrane  for 

five  hours. 


Salt  in  osmometer. 


Rise  in 

millimeter 

degrees. 


Tempera- 
ture, Fahr. 


Carbonate  of  potasli,  1  per  cent 

Same,  deprived  of  air  by  boiling 

Same,  deprived  of  air  by  boiling 

Same  solution,  unboiled 

Same  solution,  unboiled 

Phospbate  of  soda  (2NaO  HOPO5)  1  per  cent. 

Same  .     .     .     . 

Same,  O"!  per  cent.     .     .     . 

Same,  O'l  per  cent.  .  .  . 
Carbonate  of  potash,  0- 1  per  cent.      .     .     .     . 

Same,  0*1  percent.    .     .     . 

Same,  I  per  cent.       .     .     . 

Same,  1  per  cent.       .     .     . 

Same,  I  per  cent.        .     .     . 


439 
376 
353 
325 
208 
17() 
194 
VMS 
lUO 
176 
227 
298 
335 
312 


63 
64 
65 
63 
56 
55 
58 
56 
58 
57 
65 
58 
64 
62 


It  will  be  remarked  that  the  highest  osmose  (439  ms.)  is  obtained 
in  the  first  experiment,  and  that  the  osmose  falls  off  pretty  regu- 
larly to  the  fifth  experiment  (268  ms.)  The  change  in  the  aeration 
of  the  solution  in  the  second  and  third  experiments  cannot  be  said  to 
interfere  with  this  progression.  The  influence  of  free  oxygen  on  the 
membrane  is  not  therefore  indicated  as  a  cause  of  osmose.  It  may  be 
added,  that  the  converse  experiment  of  depriving  the  fluid  of  the 
water-jar  of  air  by  boiling,  led  also  to  a  negative  result.  It  will  be 
remembered,  further,  that  the  osmose  of  oxalic  acid  was  not  interfered 
with  by  an  addition  of  sulphurous  acid,  which  was  likely  to  counteract 
the  action  of  oxygen,  if  such  an  action  existed  in  osmose. 

When  phosphate  of  soda  is  substituted  for  carbonate  of  potash,  both 
1  per  cent.,  the  osmose  declines  from  268  to  176  ms.  The  phosphate 
of  soda  being  repeated,  the  osmose  rises  a  little,  namely  to  194  ms. 
The  one-tenth  per  cent,  solution  of  the  same  salt  which  follows,  main- 
tains here  the  considerable  osmose  of  196  and  190  ms.  On  return- 
ing again  to  the  application  of  carbonate  of  potash  in  the  instrument, 
the  osmose  gradually  rises  and  regains  335  ms.  for  the  1  per  cent,  so- 
lution of  that  salt. 

From  these  repetitions  of  osmose  it  may  be  inferred,  that  whatever 
be  the  nature  of  the  chemical  action  on  membrane  which  prompts  os- 
mose, that  action  is  by  no  means  of  a  rapidly  exhaustible  character. 

It  may  be  added,  with  regard  to  the  osmotic  action  of  extremely 
dilute  solutions  of  carbonate  of  potash,  that  the  osmose  is  lowered 
rapidly  in  proportions  b^low  one-tenth  of  a  per  cent,  of  that  salt. 
The  osmose  of  001  per  cent,  of  carbonate  of  potash,  in  double  mem- 
brane, amounted  only  to  19,  23,  and  17  ms.  in  three  successive  experi- 
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ments.  The  osmotic  action  of  carbonate  of  potash  must,  therefore, 
be  inferior  to  that  of  hydrate  of  potash  in  the  extreme  degrees  of 
dihition. 

In  the  experiments  of  the  preceding  series,  the  influence  of  a  salt 
often  appears  not  to  terminate  with  its  presence  in  the  osmometer,  but 
to  extend  to  following  experiments  made  with  other  salts,  or  made  wnth 
different  proportions  of  the  original  salt.  If  this  arises  from  portions 
of  the  first  salt  remaining  in  the  membrane,  they  must  be  portions 
which  are  not  easily  washed  out.  The  substance  of  membrane  may 
possibly  have  an  attraction  for  highly  osmotic  salts,  capable  of  with- 
drawing small  quantities  from  solution.  When  the  membrane,  how^- 
ever,  is  removed  from  the  osmometer,  after  such  experiments  as  are 
referred  to,  slightly  washed  and  then  incinerated,  only  minute  traces 
of  the  salt  last  used  are  commonly  discovered ;  if,  indeed,  the  salt  has 
not  entirely  disappeared. 

Phosphate  and  Carbonate  of  Soda. — The  osmose  of  the  carbonate 
of  soda  appears  to  be  quite  similar  to  that  of  carbonate  of  potash.  A 
considerable  amount  of  information  respecting  the  two  soda-salts 
named  is  conveyed  in  thefollowing  series  of  experiments,  which  includes 
also  observations  on  the  serum  of  ox-blood. 

Table  XVI. —  Solutions  in  Osmometer  F  of  double  membrane 
for  five  hours. 


Salt  in  osmometer. 


Phosplmte  of  soda,  1  per  cent.  .     .     . 

8aino,  I  per  cent 

Same.  01  per  cent 

Same,  01  per  ctnit 

Carbonate  of  soda,  O'l  per  cent.     ,     . 

Same,  0-1  per  cent 

Same,  001  per  cent 

Same,  0*0 1  per  cent 

Same,  1  per  cent 

Same,  1  per  cent 

Phosphate  of  soda,  1  per  cent.  .     .     . 

Same,  1  per  cent 

Sermn  of  ox-blood,  niidiluted    .     .     . 

Same 

Same,  dihited  with  equal  vol,  of  water 


I      Rise  in      !    ^ 
I  nnllimeter  '    Tempera- 
,  tare,  iahv 

!     degrees.  ' 


882 

03 

nil 

50 

205 

55 

218 

58 

204 

50 

254 

58 

50 

57 

89 

05 

300 

58 

337 

04 

193 

02 

180 

01 

39 

59 

34 

01 

81 

01 

The  phosphate  and  carbonate  of  soda,  when  alternated  in  the  same 
osmometer,  show  considerable  steadiness  in  their  respective  rates  of 
osmose. 

The  inferior  osmotic  quality  of  serum  is  remarkable,  considering 
'he  alkalinity  of  that  fluid.     The  loss  of  osmose  in  serum  is  due,  I 
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believe,  to  the  presence  of  chloride  of  sodium.  The  latter  substance 
possesses  an  extraordinary  power  of  reducing  the  osmose  of  alkaline 
salts,  which  was  observed  in  a  variety  of  circumstances,  but  which  it 
will  be  sufficient  to  illustrate  by  the  following  series  of  experiments  in 
an  albumen  osmometer. 


Table  XVII. — Solutions  in  Osmometer  N  of  albuminated  calico 
for  five  hours. 


Salt  in  osmometer. 


Carbonate  of  soda.  1  per  cent 

Same,  I  ]3er  cent.  .     .     . 

Same,  2  per  cent.  .     .     . 

Same,  4  per  cent.  .     .     . 

Same,  10  per  cent.     .     . 

Same,  10  per  cent.     .     . 

Same,  1  per  cent. ,     .     . 

Same,  1  per  cent.  .     .     . 

Same,  O'l  per  cent.    .     . 

Same,  0"1  per  cent.    .     . 

Carbonate  of  soda,  0  1  per^ 
cent.  +  chloride  of  soda,  ]- 
1  per  cent j 

Same  +  same  .... 

Chloride  of  sodium,  Ipercent. 

Same,  1  per  cent 

Carbonate  of  soda,  1  per^ 
cent,  -f-  chloride  of  soda,  ^ 
1  per  cent ) 

Same  +  same  .     .     .     .     • 

Carbonate  of  soda,  1  per  cent. 

Same,  1  per  cent 

Same,  01  per  cent.    .     .     . 

Same,  O'l  per  cent.    .     .     . 


Eise  in 

Diffusate 

millimeter 

in  grammes 

degrees. 

by  analysis. 

139 

0-157 

150 

0156 

141 

— 

143 

0-570 

204 

1-562 

163 

1-432 

138 

0-210 

136 

0-198 

188 

— 

179 

— 

32 

— 

36 



25 

0-384 

18 

0-325 

69 

— 

56 



157 

0-190 

163 

0-212 

152 

— 

152 

— 

Same,  by    Previous 

alkalime-    macera- 

try.  tion. 


0-092 
0-106 
0-242 

1-450 
1-340 
0-147 
0-156 
0-005 


0164 
0-185 


days. 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 


Hydro- 
static 
resistance 


mm. 
3 
6 
6 
8 

12 
6 
6 
3 

10 


6 

4 

20 

20 


Tempera- 
ture, 
Fahr. 


57 
59 
65 
62 
60 
56 
59 
60 
61 
63 


63 
64 
65 

63 

56 
55 

58 
56 
58 


The  osmose  of  the  0*1  per  cent,  solution  of  carbonate  of  soda  is 
lowered,  by  the  addition  of  I  per  cent,  chloride  of  sodium,  from  179 
ms.  to  32  ms.  The  osmose  of  1  per  cent,  carbonate  of  soda,  with  the 
addition  of  an  equal  proportion  of  chloride  of  sodium,  is  56  ms.,  and 
of  1  per  cent,  carbonate  of  soda  alone,  immediately  following,  157  ms. 
The  osmose  of  these  mixtures  appears  to  be  assimilated  to  that  of 
chloride  of  sodium  itself,  which  comes  out  as  18  and  25  ms.  in  the 
same  series  of  observations. 

The  rise  of  an  alkaline  liquid  in  the  osmometer  appears  to  be  equally 
repressed  by  chloride  of  sodium,  placed  outside  or  dissolved  in  the  tluid 
of  the  water-jar. 

In  illustration  of  this  statement,  I  may  adduce  a  short  series  of 


OSMOTIC   FORCE. 


79 


observations  made  with  fresh  ox-bladder^  having  its  thickness  unre- 
duced, which  further  show  that  the  repressing  power  that  appears  in 
the  chloride  of  sodium  does  not  extend  to  two  other  substances,  alcohol 
and  sugar. 

Table  XVIII. — Solutions  in  Osmometer  P  of  ox-bladder  for  five 

hours. 


Salt  in  osmometer. 


Rise  in 

millimeter 
degrees. 


Carbonate  of  potash,  0"25  per  cent 

Same,  025  per  cent 

Carbonate  of  potash,  1  per  cent.,  against  alcohol,  1  per  cent.,  in  jar 
Same,  1  per  cent.,  against  sugar,  1  per  cent.,  in  jar  ..... 
Same,  1  per  cent.,  against  chloride  of  sodium,  I  per  cent.,  in  jar    . 

Same,  1  per  cent.,  against  pure  water  in  jar 

Same,  I  per  cent.,  against  chloride  of  sodium,  1  per  cent.,  in  jar  . 
Carbonate  of  potash,  1  per  cent.  +  chloride  of  sodium,  1  per  cent., 

against  water  in  jar 

Carbonate  of  potash,  1  per  cent.,  alone,  against  pure  water  in  jar 
Same  repeated 


76 

96 
108 
]04 

18 
114 

18 

64 
134 
114 


Now  another  neutral  salt,  sulphate  of  potash,  will  be  found  to  have 
the  reverse  efi'ect  upon  the  osmose  of  an  alkaline  carbonate,  support- 
ing and  promoting  the  latter.  Such  results  show  how  far  we  still 
are  from  a  clear  comprehension  of  the  agencies  at  work  in  membra- 
nous osmose.  Another  property  of  chloride  of  sodium,  equally  singular, 
is,  that  the  association  of  this  salt  (by  itself  so  indifi'erent)  with  small 
proportions  of  hydrochloric  acid,  such  as  one-tenth  per  cent.,  deter- 
mines a  positive  osmose  in  membrane,  which  is  sometimes  very 
considerable. 

The  osmotic  action  of  the  albuminated  calico  of  Table  XVII.  is 
moderate  in  amount,  but  remarkably  uniform.  The  small  tenth  per 
cent,  solution  assumes  a  pre-eminence  in  activity  which  is  very  curious. 
It  was  often  observed  in  the  inquiry,  that  the  small  proportions  of 
active  salts  were  more  favoured  in  albuminated  calico  than  in  mem- 
brane ;  may  it  not  thence  be  inferred  that  it  is  in  the  albumen  plate 
that  the  chemical  agency  operates  to  most  advantage  ? 

Taking  the  mean  difi'usates  of  chloride  of  sodium  and  carbonate  of 
soda  from  the  lower  part  of  the  same  Table,  we  have  0*354  chloride 
of  sodium  against  Ol*201  carbonate  of  soda,  or  I  of  the  former  to 
0*568  of  the  latter.  The  diffusates  of  the  same  two  salts,  in  open 
vessels,  were  more  nearly  in  the  proportion  of  1  to  0'7.  The  compa- 
rative diffusion  of  carbonate  of  soda  appears  to  be  rather  repressed 
than  promoted  by  the  septum. 

The  neutralisation  of  a  portion  of  the'  alkaline  salt  during  the  os- 
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motic  process  is  again  indicated.  The  portion  of  carbonate  of  soda 
thus  lost  in  the  1  per  cent,  solution  appears  to  diminish  on  repetition 
of  the  experiment.  At  the  head  of  the  Table,  the  loss  in  two  experi- 
ments is  0"065  and  0*050  grm.  ;  lower  down,  0*069  and  0*0  i2  grm. ; 
and  near  the  bottom  of  the  Table,  0-026  and  0*027  grm.  The  loss 
with  the  10  per  cent,  solution  is  0*110  and  0*092  grm.,  or  not  more 
than  double  the  loss  in  the  preceding  1  per  cent,  solutions  of  carbo- 
nate of  soda. 

Sulphates  of  Potash  and  Soda. — The  sulphate  of  potash  was  made 
the  subject  of  frequent  experiment,  with  the  view  of  obtaining  light 
on  the  nature  of  osmose,  at  the  commencement  of  the  inquiry.  But 
it  is  not  well  fitted  for  such  a  purpose,  its  action  in  the  osmometer 
proving  at  first  of  a  most  perplexing  character.  With  thick  ox-bladd^r, 
sulphate  of  potash,  dissolved  in  the  proportion  of  1  per  cent.,  usually 
exhibited  considerable  osmose  ;  that  is,  about  one-half  of  the  osmose 
of  carbonate  of  potash  in  similar  circumstances.  The  osmose  of  the 
sulphate  had,  however,  a  peculiar  disposition  to  increase  in  successive 
repetitions  of  the  experiment  with  the  same  membrane.  The  osmose 
of  this  salt  might  also  be  doubled  by  allowing  bladder  in  substance  to 
macerate  for  some  time  in  the  solution  before  the  osmotic  experiment : 
soluble  matter  from  the  membrane  manifestly  infiuenced  the  result 
considerably  in  all  experiments  with  sulphate  of  potash. 

When  the  removal  was  effected  of  the  muscular  coat  of  bladder,  the 
chief  source  of  its  soluble  matter,  the  osmose  of  the  salt  in  question 
fell  greatly  in  amount  instead  of  rising,  like  that  of  the  carbonate  of 
potash. 

In  the  prepared  membrane  sulphate  of  potash  presented  a  small 
moderate  osmose,  like  chloride  of  sodium.  But  the  salt  must  be  ex- 
actly neutral  to  test-paper,  and  the  membrane  also  free  from  foreign 
saline  matter,  otherwise  very  different  results  are  obtained.  In  a 
double  membrane,  I  per  cent,  of  the  neutral  sulphate  gave  21  and 
20  ms. ;  but  the  same  solution,  made  alkaline  by  the  addition  of  no 
more  than  one  ten-thousandth  part  (001  per  cent.)  of  carbonate  of 
potash,  started  up  to  101  and  167  ms.,  a  much  greater  osmose  than 
the  proportion  of  carbonate  of  potash  present  gave  afterwards  by 
itself  in  the  same  membrane,  namely,  19,  23  and  17  ms.  The  influ- 
ence of  the  alkali  is  so  persistent,  that  the  membrane,  macerated  in 
water  for  a  night  after  the  last  experiments,  still  gave  65  ms.  with  1 
per  cent,  of  pure  sulphate  of  potash. 

The  osmotic  activity  of  sulphate  of  soda  is  equally  excited  by  a 
trace  of  alkali,  and  both  sulphates  exhibit  the  same  character  in  albu- 
men as  well  as  in  membrane.  This  remarkable  result  of  the  combined 
action  of  the  two  salts  is  so  likely  to  elucidate  the  chemical  actions 
prevailing  in  osmos»,  that  a  fuller  scries  of  illustrative  experiments 
may  be  recorded.  The  septum  was  of  double  calico,  well  albuminated, 
and  presented  a  good  resistance  to  hydrostatic  pressure. 
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Table  XIX. — Solutions  in  Osmometer  Q  of  albuminatcd  calico 
for  five  hours. 


Salt  in  osmometer. 


Rise  in 

Tempera- 

millimeter 

ture, 

degrees. 

Fahr. 

18 

o 

53 

21 

57 

139 

63 

81 

56 

73 

6i 

254 

61 

263 

59 

02 

57 

95 

57 

257 

62 

237 

54 

209 

54 

00 

57 

127 

58 

1  i^er  cent 

1  per  cent,  -f  carbonate  of  potash, 


Sulphate  of  potash, 
Same      .... 
Sulphate  of  potash 

G-Q  L  per  cent.  . 

Same  +  same 

Same  +  same 

Same  +  carbonate  of  potash,  01  percent 

Same  +  same 

Carbonate  of  potash,  0*1  per  cent.,  alono 

Carbonate  of  potash,  0^1  per  cent.,  alone 

Sulphate  of  soda,  1  per  cent,  -f  carbonate  of  potash,  0*1 

per  cent 

Same  -f  same 

Same -j- carbonate  of  soda,  0-1  per  cent 

Carbonate  of  soda,  0  1  per  cent.,  alone 

Same 


The  influence  of  the  two  alkaline  carbonates  in  giving  a  high  osmose 
to  the  sulphates,  appears  to  be  pretty  nearly  equal.  The  primary 
source  of  the  great  osmose  may  prove  to  be  the  action  on  membrane 
of  the  alkaline  carbonates,  which  is  promoted  in  some  way  by  the 
presence  of  sulphate  of  potash,  as  it  is  retarded  by  the  presence  of 
chloride  of  sodium. 

On  the  other  hand,  the  moderate  amount  of  osmose  which  appears 
to  be  proper  to  these  sulphates  is  completely  negatived  by  the  most 
minute  addition  of  a  strong  acid.  Thus,  1  per  cent,  of  sulphate  of 
potash,  with  the  addition  of  one  ten-thousandth  part  (0"01  per  cent.) 
of  hydrochloric  acid,  had  its  osmose  reduced,  in  the  first  experiment 
to  8  ms.,  and  in  the  second  experiment  to  —5  ms.,  the  osmose  be- 
coming actually  negative. 

On  one  occasion,  a  specimen  of  well-crystallised  sulphate  of  potash 
gave,  when  dissolved,  a  still  more  sensible  negative  osmose,  namely 
—  28  ms.  On  applying  litmus  to  the  solution,  it  was  found  to  possess 
an  acid  reaction.  But  the  addition  of  0*01  per  cent,  carbonate  of 
potash  was  sufficient  to  change  the  acid  into  an  alkaline  reaction,  and 
to  give  rise  to  a  positive  osmose,  amounting  to  54  ms. 

It  occurred  to  me  jto  macerate  a  fresh  membrane  in  water,  contain- 
ing one-thousandth  part  (O'l  per  cent.)  of  hydrochloric  acid,  for  two 
days,  before  applying  the  membrane  to  the  osmometer,  and  then  to 
wash  the  membrane  with  distilled  water  till  all  acid  reaction  disappeared. 
With  1  per  cent,  of  neutral  sulphate  of  potash,  this  membrane  gave 
in  succession  17,  42,  35,  and  62  ms. ;  with  sulphate  of  soda,  1  per 
cent.,  following,  39,25,  and  25  ms.  ;  and  with  sulphate  of  zinc  (anhy- 
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drous),  1  per  cent._,  after  the  last  salt,  14  and  21  ms.  These  last 
results  show  a  certain  degree  of  unsteadiness  in  the  osmose  of  the 
alkaline  sulphates,  probably  arising  from  the  osmose  of  these  salts 
depending  so  much  upon  adventitious  circumstances.  The  diffusates 
were  carefully  weighed,  first  when  fully  dried,  at  212°,  and  again  when 
ignited.  The  difference  in  the  weighings  arose  from  the  presence  of 
organic  matter  dissolved  out  of  the  membrane,  of  which  it  gives  the 
quantity  probably  somewhat  exaggerated. 
First  diffusate,        0*328  grm.  sulphate  potash. 

Second  diffusate,  0"362  grm.  sulphate  potash,  0*019  organic  matter. 
Third  diffusate,  0*351  grm.  sulphate  potash,  0*031  organic  matter. 
Fourth  diffusate,  0*366  grm.  sulphate  potash,  0*025  organic  matter. 
Fifth  diffusate,  0*356  grm.  sulphate  soda,  0*011  organic  matter. 
Sixth  diffusate,  0*339  grm.  sulphate  soda,  0*019  organic  matter. 
Seventh  diffusate,  0*331  grm.  sulphate  soda,  0*009  organic  matter. 
Eighth  diffusate,  0*239  grm.  sulphate  zinc. 
Ninth  diffusate,       0*260  grm.  sulphate  zinc. 

The  diffusates  of  the  two  alkaline  sulphates  are  remarkably  uniform, 
the  diffusate  of  sulphate  of  soda  failing  a  little  under  that  of  sulphate 
of  potash,  but  not  so  much  as  in  open  vessels.  The  diffusate  of  sul- 
phate of  zinc  is  still  smaller,  but  relatively  too  high,  as  it  should  not 
much  exceed  one-half  of  that  of  sulphate  of  potash,  judging  from  the 
diffusion  of  these  salts  in  the  absence  of  membrane.  The  organic 
matter  accompanying  the  salt  falls  off  in  quantity  in  successive  experi- 
ments, but  continued  to  exist  to  the  last,  although  it  was  not  deter- 
mined in  the  experiments  with  sulphate  of  zinc.  The  diameter  of 
the  disc  of  membrane  was  123  millimeters,  and  its  original  weight, 
air- dried,  0*559  grm. 

Oxalate  of  Potash,  Chromate  and  Bichromate  of  Potash. — The 
only  property  of  sulphate  of  potash  which  seems  to  be  connected  with 
the  positive  osmose  of  that  salt,  is  its  bibasieity  as  a  sulphate.  The 
alkaline  character  promotes  positive  osmose,  and  this  character  appears 
to  be  a  distinction  of  polybasic  salts.  The  common  tribasic  pi'.osphate 
of  soda  is  strongly  alkaline  to  test-paper,  and  the  bibasic  pyro- 
phosphate of  soda  enjoys  the  same  property  in  a  still  higher  degree. 
The  sulphates  of  potash  and  soda  are  certainly  neutral  to  test-paper, 
but  they  may  be  looked  upon  as  potentially  alkaline  from  the  easy 
severation  of  the  second  equivalent  of  fixed  base  and  its  replacement 
by  water,  witnessed  in  all  bil)asic  salts.  In  monobasic  salts,  on  the 
contrary,  a  proclivity  to  the  acid  character  may  be  suspected.  Thus, 
although  the  chloride  of  potassium  and  nitrate  of  potaj^h  appear  as 
neutral  to  test-paper  as  the  sulphate  of  potash  is,  yet  the  chlorides  and 
nitrates  of  the  magnesian  bases  are  more  decidedlj^  acid  than  their 
sulphates.  It  is  just  possible  then,  on  this  view,  that  the  osmotic  infe- 
riority of  chloride  of  sodium,  and  the  power  of  that  salt  to  counteract 
the  positive  osmose  of  carbonate  of  potash,  may  be  exhibitions  of  acid 
character  belonging  to  the  former  salt.     The  observations  of  the  rise 
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in  the  osmometer  of  chloride  of  sodium,  and  also  of  the  chlorides  of 
barium  and  calcium,  previously  described,  also  have  the  appearance  of 
being  the  effect  of  diffusion,  modified  by  a  slight  chemical  osmose  of  a 
negative  character  proper  to  these  salts. 

The  polybasic  constitution  of  oxalate  of  potash  is  well  marked,  and 
its  positive  osmose  will  be  found  below  to  be  considerable,  although 
the  specimen  of  salt  employed  was  strictly  neutral  to  test-paper. 

This  salt  also,  like  sulphate  of  potash,  is  shown  not  to  counteract 
the  high  positive  osmose  of  an  alkaline  carbonate. 

The  chromate  of  potash,  although  carefully  purified  by  crystallisa- 
tion, retained  a  slight  alkaline  reaction.  On  this  account  small  addi- 
tions were  made  to  it  of  bichromate  of  potash  in  some  experiments, 
but  without  materially  diminishing  the  very  sensible  positive  osmose 
of  the  former  salt.  A  neutral  chromate  has  of  course  the  same  bibasic 
character  as  a  sulphate. 

Table  XX. — Oxalate  and  Chromate  of  Potash  in  Osmometer  F 
of  double  membrane  for  five  hours. 


Solution  of  salt. 


1  por  cent,  oxalate  of  potasli  .     .     . 

Same 

O'l  per  cent,  oxalate  of  potash     .     . 

Same 

1  per  cent,  oxalate  of  potash  -f  f'"l 

per  cent,  carhoiiate  of  potash  .     . 

Same  -}-  same 

O'l  ])er  cent,  carbonate  of  potash 

Same 

1  per  cent,  oxalate  of  potasli  -f-  0] 

per  cent,  carbonate  of  pota?<li  .     . 

Same  -f  same  . 

1  per  cent,  bicliromate  of  potash 

Same 

]  per  cent,  chromate  of  potash    . 

Same 

1  per  cent,  chromate  of  potash  =  O-l, 

bichromate  of  potash       .     .     .     . 
Same 


Rise  in    i  Diffusate 
millimeter        in 

grammes. 


164 

158 

92 

90 

262 
387 
822 
278 

29  4 
24(1 
24 
19 
109 
100 

91 
79 


0-258 
0-818 
0-826 
0-807 

0  298 
0-281 


Previous 

Hvdro-    ' 

macera- 

stt.tic    1 

tion. 

! 

resistance.; 

days. 

i.iin. 

] 

11 

1 

10 

1 

5 

2 

6 

8 

5 

1 

5 

I 

3 

I 

8 

1 

8 

2 

o          1 

1 

'^    1 

3 

1     i 

1 

1    j 

1 

1      I 

2 

1 

1          1 

]       ! 

Tempera- 
ture, 

Fahr. 


65 
65 
68 
61 

56 
60 
62 

68 

62 
55 
54 
56 
62 
58 

57 
60 


The  average  rise  for  the  1  per  cent,  solution  of  each  of  the  salts 
placed  in  the  osmoiTigter  in  a  pure  state  is,  bichromate  of  potash  21  "5 
ms.,  chromate  of  potash  107*5  ms.,  and  oxalate  of  potash  158*5  ms. 
The  average  diffusate  for  the  chromate  of  potash  is  0"3165  grm.,  and 
for  the  bichromate  of  potash  0'2855  grm. 

Like  solutions  were  submitted  to  osmose  at  the  same  time  in  a  sep- 
tum of  albumen  for  tlie  sake  of  comparison  with  the  preceding  mem- 
brane osmometer. 
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Table  XXL — Oxalate  and  Chromates  of  Potash  in  Osmometer 
K  of  albuminated  calico. 


Solution  of  salt. 

Eise  in 

millimeter 

degrees. 

Diffusate 

in 
grainmes. 

Previous 
macera- 
tion. 

Hydro- 
static 
resistance. 

Tempera- 
ture, 
Fahr. 

1  per  cent,  oxalate  of  potash  .     .     . 

Same 

O'l  per  cent,  oxalate  of  potash     .     . 

Same 

1  per  cent,  oxalate  of  potash  -|-  01 

per  cent,  carbonate  of  potash  .     . 

Same  +  same 

0-1  per  cent,  carbonate  of  potash      . 

Same  .     .     

1  per  cent,  oxalate  of  potash  +  01 

per  cent,  carbonate  of  potash  .     . 

Same  -f  same 

]  per  cent,  bichromate  of  potash 

Same 

1  per  cent,  chromate  of  potash    .     . 
Same            ... 

195 

173 

91 

100 

101 
211 
109 
120 

195 

188 

30 

34 

129 

1-^3 



0-244 

;     0-253 

,     (l-24'^ 

days. 

1 
1 
1 
2 

8 
1 
1 
1 

1 
2 
1 
2 

1 

2 
1 

rain. 
15 
15 
15 
20 

15 
15 
15 
15 

15 
15 
15 
10 
10 
10 

10 
10 

65 
05 
63 
60 

56 
60 
62 

(58 

62 
55 
54 
56 
62 
58 

1  per  cent,  chromate  of  potash  +  01 

per  cent,  bicliromate  of  potash     . 

Same 

1 

!          95 

1       102 

0-251 
;     0-320 

57 
60 

The  average  rise  for  the  1  per  cent,  solution  of  each  of  the  salts 
is,  for  bichromate  of  potash  35  ms.,  for  chromate  of  potash  126  ms., 
and  for  oxalate  of  potash  184  ms.,  all  a  little  higher  than  in  the  previous 
membrane  osmometer.  The  diffusate  is  lower  than  before,  probably 
owing  to  the  less  permeability  of  the  albuminous  septum,  the  weight 
of  chromate  of  potash  diffused  being  0*2475  gramme,  and  of  bichro- 
mate of  potash  0-244  gramme. 

The  two  chromates  have  been  found  to  possess  nearly  equal  diffusi- 
bility  in  open  vessels,  and  to  correspond  closely  in  that  property  with 
sulphate  of  potash.  The  oxalate  of  potash  exhibits  a  considerable 
osmose  when  present  in  the  small  proportion  of  one-thousandth  part 
(0*1  per  cent.),  namely  91  ms.  in  membrane  and  95*5  ms.  in  albumen. 
This  is  the  surest  indication  of  considerable  osmotic  capacity.  Bin- 
oxalate  of  potash  and  free  oxalic  acid  are  both  remarkable  for  high 
negative  osmose. 

Barium,  Strontium^  Calcium,  Magnesium, — The  salts  of  these 
metals  never  appear  capable  of  producing  strong  positive  osmose  when 
dissolved  in  a  proportion  of  less  than  1  per  cent.  On  the  contrary, 
some  of  the  salts  of  this  class,  particularly  the  nitrates,  exhibit  a  ten- 
dency to  negative  osmose. 

Hydrate  of  Baryta  gave  a  small  positive  osmose  for  minute  pro- 
portions of  salt,  which  disappeared  as  the  proportion  of  salt  was  in- 
creased, exhibiting  an  analogy  in  this  respect  to  hydrate  of  potash. 
The  results  for  hydrate  of  baryta  in  double  membrane  were  6,  4,  1, 
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and  1  degrees  of  osmose  for  the  0*  1,0-25,  and  0*5  per  cent,  solutions. 
In  albumen  the  same  solutions  gave  0,  —8,  —23,  and  —17  ms.  ; 
and  the  1  per  cent,  solution  gave  —25  ms. 

Hydrate  of  Lime  exhibited  similar  characters  to  the  last  base. 
Undiluted  lime-water  gave  in  double  membrane  —20  ms.  and  —1  m. ; 
while  the  same,  diluted  with  four  volumes  of  water,  gave  a  positive 
osmose  of  31  and  18  ms.  In  albumen  the  undiluted  lime-water  gave 
—  48  and  —30  ms.  ;  the  same,  diluted  with  four  volumes  of  water, 
gave  0  m.  and  1  m. 

Chloride  of  Strontium,  1  per  cent.,  ^ave  in  double  membrane  19, 
27,  and  26  ms. ;  following  chloride  of  barium  in  the  same  membrane, 
13  and  21  ms.  Nitrate  of  baryta,  in  the  same  membrane,  gave  12, 
24,  and  29  ms. ;  nitrate  of  strontia,  following  the  latter,  27  and  31  ms. 

Nitrate  of  Lime  in  membrane  twice  gave  19  ms.,  following  chloride 
of  calcium  with  12  and  20  ms.  -,  in  albumen  nitrate  of  lime  gave  2  and 
2  ms. 

The  2  per  cent,  solution  of  the  same  salt  in  membrane  gave  only 
6  and  6  ms.  in  two  experiments. 

Chloride  of  Magnesium  gave  in  membrane  —2  ms.,  and  in  albumen 
6  ms.,  both  experiments  being  made  with  the  1  per  cent,  solution, 
which  is  always  to  be  understood  when  no  particular  percentage  is  stated. 

Nitrate  of  Magnesia  gave  in  membrane  —24  and  —20  ms.  Both 
of  these  magnesian  salts  w^ere  prepared  by  saturating  the  acid  with 
excess  of  magnesia.  The  tendency  of  monobasic  salts  of  the  magne- 
sian  class  to  chemical  osmose  of  a  negative  character  appears  to  be 
small  in  the  salts  of  barium  and  strontium,  to  rise  in  those  of  calcium, 
and  to  culminate  in  the  salts  of  magnesium  itself. 

Aluminium. — Nothing  is  more  remarkable  than  the  high  positive 
osmose  of  certain  salts  of  alumina.  These  salts  emulate  the  alkaHne 
carbonates  in  this  respect.  The  property,  too,  appears  to  be  charac- 
teristic of  the  sesquioxide  type,  and  distinguishes  the  salts  of  sesqui- 
oxide  of  iron,  sesquioxide  of  chromium,  and  the  higher  oxide  of  uranium, 
as  well  as  alumina. 

Sulphate  of  Alumina. — The  sulphates  of  this  type  do  not  exhibit 
a  high  degree  of  osmose,  although  they  are  probably  more  osmotic 
than  the  magnesian  sulphates  as  a  class.  Sulphate  of  alumina,  1  per 
cent.,  gave  in  membrane  57  and  iS7  ms.,  and  for  01  per  cent.  24  and 
31  ms. 

The  dijQfusate  was  small,  amounting  in  the  second  observation  of 
the  1  per  cent  solution  to  0'()33  gramme  of  tersulphate  of  alumina, 
together  with  an  e]^css  of  0 "005  grm.  of  sulphuric  acid,  according  to 
analysis. 

Chloride  of  Aluminium,  prepared  by  treating  hydrochloric  acid  with 
an  excess  of  hydrated  alumina,  was  found  by  analysis  to  approach  very 
nearly  to  the  proportions  of  the  definite  compound  AI2  CI3.  The  fol- 
lowing results  with  that  salt  were  successively  obtained  in  an  osmo- 
meter of  single  membrane  : — 


8G 


PllOFESSOR  GRAHAM  OX 


With  1 
With  1 

W^ith  1 
With  1 
With  ()• 


With  0-1 


per  cent.,  rise  of  540  ms.  at  50°  Fahr. 
per  cent.,  rise  of  570  ms.  at  49°       „ 
per  cent.,  rise  of  450  ms.  at  47°      ,, 
per  cent.,  rise  of  635  ms.  at  49°      „ 
per  cent.,  rise  of  510  ms.  at  54°      „ 
per  cent.,  rise  of  285  ms.  at  48°       „ 
per  cent.,  rise  of  410  ms.  at  -6°       „ 
Ttie  uambers,  wliich  are  all  high,  vary  considerably  among  them- 
selves, as  often  happens  when  osmose  is  intense  and  is  observed  in  a 
single  membrane.     The  teraperatnres  of  the  watei'-jar  are   added  in 
these  and  most  other  observations  recorded,  although  it  was  difficult 
to  draw  any  positive  conclusion  respecting  the  influence  of  heat  upon 
the  osmose  of  small   pi'oportions  of  salt.     With  large  proportions  of 
neutral  salts,  where  difFusibility  prevails,  the  osmose  appeared  to  in- 
crease with  the  temperature,  as  does  the  proportion  of  salt  diffused. 
With  respect  to  the  condition  of  the  membrane  used  above,  the  first 
experiment  was  conducted  in  the   membrane  freshly  dissected,   and 
previous  to  any  maceration  or  washing  whatever,  with  a  similar  osmotic 
result,  it  will  be  observed,  as  in  the  later  experiments  made  with  the 
membrane  after  being  repeatedly  macerated. 

In  experiments  of  diffusing  chloride  of  aluminium  in  open  vessels, 
decomposition  of  that  salt  was  observed  with  escape  of  free  hydro- 
chloric acid.  The  decomposition  appeared,  however,  to  affect  much  less 
of  the  chloride  of  aluminium  than  it  does  of  the  acetate  of  alumina. 

In  an  albumen  osmometer,  chloride  of  aluminium  gave  an  osmose 
of  245,  233,  and  229  ms.,  at  57°,  58°,  and  60°,  with  diffusates  of 
0'085,  0*123,  and  0'095  gramme  of  salt,  calculated  from  the  quantity 
of  chlorine  found  in  the  diffusate. 

In  the  last  experiment  the  solution  was  coloured  with  litmus,  ap- 
parently without  affecting  the  amount  of  osmose. 

Acetate  of  Alumina  was  prepared  by  precipitating  pure  sulphate 
of  alumina  by  means  of  the  acetate  of  lead.  Mr.  Crum  has  shown 
that  in  this  reaction  one  equivalent  of  acetic  acid  becomes  free,  and 
that  the  acetate  of  alumina  produced  has  the  form  AI2O3  +  2C4H3O3. 
A  specimen  of  the  pure  binacetate,  prepared  by  Mr.  Crum,  ex- 
hibited an  equally  high  osmose  as  the  salt  mixed  with  free  acid  ob- 
tained by  precipitation,  which  is  used  below. 

Table  XXll. — Acetate  of  Alumina  in  Osmometer  G  of  double 
membrane  for  five  hours. 


Proportion 
of  salt. 

Rise  in 

millimetci 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  in 
gi-ammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr. 

per  cent. 

days. 

mm. 

° 

J 

2:32 

9-728 

— 

2 

3-5 

65 

1 

264 

11096 



1 

3-5 

65 

01 

195 

8208 

— 

1 

3-5 

64 

01 

130 

5-472 

0-036 

2 

3 

66 

01 

159 

6-688 

0051 

1 

3 

67 

01 

146 

fiiVi 

0045 

2 

3 

67 
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III  the  second  and  third  experiments  of  the  Table,  the  solutions 
were  coloured  distinctly  blue,  by  means  of  the  ordinary  sulphate  of 
indigo,  without  interfering  much  apparently  with  the  osmose. 

The  diffusates,  when  given,  are  as  binacetate  of  alumina,  and  were 
calculated  from  the  alumina  found  in  the  water-jar. 

In  the  last  three  observations  of  the  one-tenth  per  cent,  solution, 
the  diffusate  of  salt  is  in  proportion  to  the  replacing  water  as  1  to  152, 
131,  and  137. 

In  osmometer  F  of  single  membrane,  acetate  of  alumina  gave  a 
diffusate  not  exceeding  one-third  or  one  fourth  of  the  diffusate  from 
sulphate  of  potash  in  similar  circumstances.  Thus,  in  three  observa- 
tions of  the  aluminous  salt,  the  osmose  was  856,  393,  and  397  ms., 
with  the  corresponding  diffusates  of  0*102,  0"114,  and  0080  gramme 
of  binacetate  of  alumina ;  while  two  experiments  on  sulphate  of  potash, 
which  were  intercalated  between  the  second  and  third  of  the  preceding 
observations,  gave  diffusates  of  0'325  and  0*425  gramme  of  sulphate 
of  potash . 

The  osmose  of  acetate  of  alumina  does  not  appear  to  be  sensibly 
affected  by  previous  experiments  made  in  the  same  membrane  with 
sulphuric  acid,  but  to  fall  greatly  when  an  equal  proportion  of  sul- 
phate of  potash  is  diffused  along  with  the  acetate  of  alumina.  Of  the 
following  numbers,  —  4<,  8,  7,  237,  7,  and  18,  the  first  three  and  the 
fifth,  which  are  small,  are  the  osmose  of  0*1  per  cent,  sulphuric  acid 
alone ;  the  fourth,  which  is  large,  that  of  1  per  cent,  of  acetate  of 
alumina,  and  the  sixth  that  of  1  per  cent,  of  acetate  of  alumina 
mixed  with  1  per  cent,  of  sulphate  of  potash,  all  in  the  same  mem- 
brane. The  diffusate  of  the  pure  acetate  of  alumina  was  0*087 
gramme,  which  is  low  for  a  1  per  cent,  solution,  as  compared  v/ith 
the  diffusates  from  the  one-tenth  per  cent,  solutions  of  sulphuric  acid, 
which  were  0039,  0*012,  0*016,  and  0*044  gramme  of  sulphuric  acid. 

The  addition  of  an  equal  weight  of  chloride  of  sodium  to  the  1 
per  cent,  solution  of  acetate  of  alumina,  lowered  the  osmose  of  the 
latter  salt,  in  osmometer  F,  from  397  to  ^67  ms.  This  is  a  small 
amount  of  interference  compared  with  that  exercised  by  the  sulphate 
of  potash  in  the  same  membrane. 

Pure  binacetate  of  alumina  was  found  to  be  largely  decomposed  when 
diffused  in  open  vessels,  the  acetie  acid  escaping  and  leaving  behind 
the  allotropic  soluble  alumina  of  Mr.  Crum.  This  last  substance  is 
remarkable  for  its  low  diffusibility ;  but  this  subject  will  require  fur- 
ther discussion  on  a  future  occasion. 

Iron.  ProtosulfMUita  of  Iron. — This  salt  appeared,  like  sulphate 
of  magnesia,  to  exhibit  only  the  exchange  by  diffusion  of  one  part  of 
salt  for  five  or  six  parts  of  water;  the  rise  of  fluid  in  the  osmometer 
also  increasing  pretty  uniformly  with  the  proportion  of  salt.  Thus, 
in  double  membrane  of  good  resistance,  1  per  cent,  of  this  salt 
(always  supposed  anhydrous)  gave  21  and  30  ms.  ;  4  per  cent.  60 
and  84  ms.,  at  a  temperature  between  61°  and  64°  Fahr. 
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Protochloride  of  Iron. — This  salt  separates  itself  from  some  other 
magnesian  chlorides,  and  gives  rise  to  a  positive  chemical  osmose, 
which  is  considerable  in  amount.  To  learn  whether  this  arose  from 
the  passage  of  iron  into  the  higher  oxide  or  not,  sulphurous  acid  and 
hydrosulphuric  acid  were  mixed  with  the  protochloride  of  iron;  but, 
as  will  be  seen  below,  without  lessening  the  osmose. 

Table    XXIII. —  One    per   cent.    Solutions    of  several    Magnesian 
Chlorides  in  Osmometer  F  of  double  membrane  for  five  hours. 


Salt  in  osmometer. 

Rise  in 

milUmeter 
degrees. 

Hydro- 
static 
resistance. 

Tempera- 
ture, 
Falir. 

Chloride  of  raagnesiiim 

3 

48 

54 

24 

34 

1(50 

197 

435 

404 
332 
155 

mill. 

2 
2 

1-75 
1-5 

1 
2 

4 

1 

59 

Chloride  of  zinc . 

61 

Same 

62 

Chloride  of  manganese 

Same    ....          .          ....              .     . 

62 
63 

Protochloride  of  iron 

61 

Same 

64 

Same    ....          ....                        .     . 

65 

Protochloride  of  iron  -f  0"1  per  cent,  sulphurous 
acid 

62 

Protochloride  of  iron,  saturated  with  SH  .     ,     . 
Protochloride  of  iron,  alone 

64 
61 

The  osmose  of  protochloride  of  iron  is  large,  but  singularly  unsteady 
in  amount,  rising  from  160  to  435  ms.,  and  falling  again  to  155  ms. 

In  another  double  membrane,  of  rather  small  resistance  (1  min.), 
the  osmose  of  the  same  salt  was  only  94,  91,  and  97  ms.  Between 
the  first  and  second  of  these  experiments  the  membrane  was  washed 
with  alcohol  and  ether,  but  without  changing  the  character  of  the 
osmose.  In  experiments  made  with  this  last  membrane,  the  2  per 
cent,  solution  of  protochloride  of  iron  gave  151  and  157  ms. ;  and 
the  5  per  cent,  solution  189  ms. ;  or,  the  osmose  did  not  rise  in  pro- 
portion to  the  quantity  of  salt  in  solution. 

Nitrate  of  Sesquioxide  of  Iron,  formed  by  saturating  dilute  nitric 
acid  by  hydra*^ed  sesquioxide  of  iron,  gave,  in  single  membrane,  the 
high  osmose  of  322  and  359  ms.  for  1  per  cent,  of  salt;  and  153, 
followed  by  107  ms.,  for  O'l  per  cent,  of  salt.  The  acetate  of  the 
same  oxide  gave,  when  a  deep  red  colour,  207  ms.,  and  when  it  had 
become  nearly  colourless,  from  the  spontaneous  prccii)itation  of  a 
portion  of  its  oxide,  19'i  ms.,  or  sensibly  the  same  osmose. 

Manganese. — Sulphate  of  manganese  appeared  to  have  no  decided 
chemical  osmose,  giving  in  double  membrarije  of  moderate  resistance 
(2  min.),  for  1  per  cent,  of  salt,  34,  51,  and  50  ms. ;  for  4  per  cent, 
of  salt,  53  and  51  ms.,  and  for  10  per  cent,  of  salt,  b7  and  59  ms. 
The  low  osmose  of  the  larger  proportions  of  this  salt  is  exceptional,  and 
would  require  confirmation. 
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The  chloride  of  manganese  has  already  been  shown  to  be  of  low 
osmose  in  membrane  (24  and  34  ms.  Table  XXIII.)  ;  in  albumen  the 
same  salt  gave  13  and  14  ms. 

Cobalt. — The  chloride  of  this  metal  appeared  to  possess  no  decided 
chemical  osmose,  1  per  cent,  giving  in  double  membrane  21  and  27 
ms. ;  OT  per  cent.  20  and  23  ms.,  and  1  per  cent,  again  44  ms. 

Nickel. — The  sulphate  of  oxide  of  nickel  resembled  that  of  magnesia 
and  protoxide  of  iron.  In  double  membrane  1  per  cent,  gave  12  and 
10  ms. ;  4  per  cent.  38  and  38  ms. ;  10  per  cent.  72  and  106  ms. 

The  chloride  of  nickel,  however,  appeared  to  have  a  tendency  to 
chemical  osmose,  like  the  protochloride  of  iron,  and  gave  in  double 
membrane  52,  89,  and  95  ms. 

Zinc. — None  of  the  salts  of  this  metal  can  be  said  to  exhibit  decided 
chemical  osmose ;  sulphate  of  zinc  giving  34  and  29  ms.,  nitrate  of 
zinc  18  and  32  ms.,  and  chloride  of  zinc  48  and  54  ms.,  all  in  double 
membrane. 

Cadmium. — The  nitrate  of  cadmium  appeared  to  affect  chemical 
osmose ;  the  1  per  cent,  solution  of  this  salt  giving,  in  double  mem- 
brane, 90,  124,  and  137  ms. 

Copper. — Copper  appears  to  possess  the  capacity  for  chemical  osmose 
in  its  salts  generally,  with  the  exception  of  the  sulphate.  But  no  sul- 
phate appears  to  l)e  remarkable  for  osmotic  activity.  The  comparative 
osmose  of  four  salts  of  copper  in  the  same  membrane  is  given  below. 


Table  XXIV. — Solutions  of  1  per  cent,  of  Salts  of  Copper  in 
Osmometer  E  of  double  membrane  for  five  hours. 


Salt  in  solution. 


Rise  in 

millimeter 

degrees. 


Hydrostalic 
resistance. 


Temperature 
Fahr. 


Chloride  of  copper 
Sulphate  of  copper 
Nitrate  of  copper 
8;ime       .... 
Acetate  of  copper 
Same       .... 
Same       .... 


351 
48 
154 
204 
148 
102 
101 


mm. 
1 
10 
10 
12 
10 
10 
10 


60 
59 
60 
62 
62 
63 
01 


The  rate  of  osmose  is  general  a  little  deranged  on  passing  from  one 
salt  to  another  in  the  same  membrane,  and  in  consequence  the  second 
or  third  experiment  .is  always  to  be  preferred  to  the  first  made  with 
the  same  salt.  The  preferable  numbers  for  the  osmose  of  the  pre- 
ceding salts  would  therefore  be,  sulphate  of  copper  48  ms.,  acetate 
102,  nitrate  204,  and  chloride  351.  The  number  for  the  sulphate, 
however,  is  probably  too  high,  being  raised  by  the  previous  chloride. 

The  salts  of  several  of  the  maguesian  metal  exhibit  a  much  lower 
osmose  in  albumen  than  in  membrane.     In  an  osmometer  of  the  first 
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description  nitrate  of  copper  gave  only  22  and  27  ms. ;  acetate  of 
copper  22  and  25  ms.,  or  no  more  osmose  than  is  obtained  from  the 
corresponding  salts  of  lime  and  magnesia. 

Lead. — The  salts  of  this  metal  art:  probably  equally  osmotic  with 
those  of  copper.  The  nitrate  and  acetate  of  lead  only  were  exa- 
mined. The  osmose  of  these  two  salts  obtained  in  the  same  mem- 
brane was  as  follows  : 

Table  XXV. — Solutions  of  1  per  cent,  of  Salts  of  Lead  in   Osmo- 
meter M  of  double  membrane  for  five  hours. 


Salt  in  solution. 

Rise  in 

millimeter 

degrees. 

Hydrostatic  Temperature 
resistance,          Fahr. 

Nitrate  of  lead 

174 
211 

107 
100 

07 

miu. 
2 
2 
2 

o 

64 

Same 

65 

Same       .     .          ...          .     .          .     . 

ao 

Acetate  of  lead 

2                   fi4- 

Same 

2 

61 

The  numbers  which  these  results  appear  to  authorise,  were  for  acetate 
of  lead  97  ms.,  and  for  nitrate  of  lead  204  ms.  (meaj;i  of  211  and  197 
ras.)  The  acetate  exhibits,  as  usual,  a  considerably  inferior  osmose 
to  the  nitrate  of  the  sartie  base. 

It  appeared  desirable  to  ascertain  the  osmose  of  higher  proportions 
of  a  salt,  which,  like  the  nitrate  of  lead,  exhibits  decided  osmose 
in  the  1  per  cent,  solution.  The  first  results  appearing  low,  the 
membrane  was  washed  with  ether  after  the  third  experiment,  a 
treatment  of  the  membrane  which  in  this  instance  sensibly  improved 
its  osmotic  power. 

Table  XXVI. — Solutions  of  Nitrate  of  Lead  in  Osmometer  K  of 
double  membrane  for  five  hours. 


Proportion 

of  salt 
in  solution. 

Rise  in 

millimeter 

degrees. 

Same  in 

grammes  of 

water. 

Diffusate  in 
grammes. 

Previous 
maceration. 

Hydrostatic 
resistance. 

Tempera- 
ture, 
Fahr, 

per  cent. 

min. 

o 

01 

— 

— 

0 

2 

61 

127 

— 

— 

I 

64 

125 

— 

— 

1 

63 

157 

— 

— 

'i 

8 

63 

157 

— 

0 

12 

t)3 

184 

— 

12 

63 

195 

— 

— 

12 

66 

209 

— 

_ 

12 

66 

229 

— 

— 

12 

67 

10 

213 

— 

— 

12 

69 

10 

250 

10-56 

3-2H3 

16 

72 
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These  experiments  lead  to  the  estimation  of  the  osmose  of  nitrate 
of  lead  as  follows : — in  the  1  per  cent,  solution  an  osmose  of  157  ms., 
in  the  2  per  cent,  solution  195  ms.,  in  the  5  per  cent,  solution  229 
ms.,  and  in  the  10  per  cent,  solution  250  ms.  This,  it  is  to  be  observed, 
is  but  a  small  increase  for  the  higher  proportions  of  salt.  The  ditFusate 
for  the  10  i)er  cent,  solution  of  this  salt  may  be  considered  of  an  average 
proportional  amount.  The  replacing  water  then  exceeds  the  salt 
diffused  ordy  about  three  and  a  half  times. 

It  is  curious  that  the  hydrostatic  resistance  of  the  membrane  increases 
so  decidedly  as  the  experiments  advance,  in  the  osmose  of  this  and 
several  other  metallic  salts,  particularly  nitrates.  It  is  not  to  be  sup- 
posed, however,  that  this  change  has  any  material  influence  upon  the 
osmose. 

Uranium. — The  nitrate  of  uranium  presented  a  high  degree  of 
osmose.  This  result  scarcely  affects  the  question  of  the  constitution 
of  the  metallic  oxide  present  in  that  salt,  as  a  high  osmose  is  exhibited, 
both  by  the  salts  containing  an  oxide  of  the  type  R2O3,  and  by  a 
portion  at  least  of  the  class  of  protoxides.  Viewed  as  an  aluminous 
salt,  the  nitre  of  uranium  has  a  basic  composition  (Ur2  O3  NO5),  a 
circumstance  which  suggested  the  addition  of  free  nitric  acid  to  that 
salt  in  some  experiments.  The  small  proportion  of  one-tenth  per  cent, 
of  nitric  acid  will, be  seen  to  have  a  moderate  influence,  and  1  per  cent, 
of  nitric  acid  to  have  an  overpowering  influence  in  reducing  the 
extraordinary  osmose  of  this  salt. 

Table  XXVII. — Solutions  of  Nitrate  of  Uranium  in  Osmometer  M 
of  double  membrane  for  five  hours. 


Rise  in 

Diffusate 

Previous 

Hydro- 

Tempera- 

Proportion of  salt  in  solution. 

millimeter 

m 

macera- 

static 

ture, 

degrees. 

grammes. 

tion. 

resistance. 

Fahr. 

days. 

min. 

0 

1  per  cent,  nitrate  of  uranium 

288 

0-078 

1 

60 

]  per  cent,  nitrate  of  uranium 

458 

0102 

1 

61 

Same  +  1  per  cent,  nitric  acid 

44 

0-205 

1 

63 

Same  -j-  same        

70 

0-136 

3 

66 

Same  +  O"!  per  cent,  nitric  acid 

304 

0-078 

3 

62 

Same  +  same 

282 

0108 

3 

61 

The  inferior  osmose  of  the  first  observation  in  the  Table  arose  from 
the  osmose  of  the  early  hours  of  the  experiment  being  less  than  those 
of  the  later  hours,  the  osmose  for  the  five  hours  in  succession  being 
36,  46,  67,  77,  and  ^3  ms. 

This  progression,  combined  with  the  additional  circumstance  to  be 
observed,  that  the  diffusate  is  below  the  average  in  the  same  experiment, 
suggests  the  idea  of  an  absorbing  or  retaining  power  in  the  membrane 
for  the  salt,  which  must  first  be  satisfied  before  the  osmose  and  diffusion 
can  proceed  in  a  regular  manner. 

The  diff'usate  is  throughout  small,  like  that  of  an  aluminous  salt. 
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In  an  albumen  osmometer  the  osmose  of  the  same  salt  was  incon- 
siderable, namely  49  and  53  ms. ;  but  that  osmose  was  not  further 
reduced  by  the  addition  of  nitric  acid. 

Tin, — The  protochloride  of  tin  exhibits  a  high  degree  of  osmose,  like 
so  many  other  metallic  protochlorides.  The  1  per  cent,  solution 
gave  in  double  membrane  an  osmose  of  235,  253,  289,  and  275  ms. 
The  bichloride  of  tin  following  immediately  in  the  same  membrane 
gave  only  27  ms.  But  the  osmose  of  the  bichloride  of  this  metal  is 
essentially  negative,  even  when  the  salt  is  made  as  neutral  in  compo- 
sition as  possible.     It  has  been  already  described. 

Antimony. — The  double  tartrate  of  potash  and  antimony  proved 
rather  remarkable  for  low  osmose. 

In  the  first  experiment  wdth  a  double  membrane  the  osmose  of  the 
salt  in  question  w^as  38  ms.,  but  the  osmose  fell  in  the  second  and 
third  repetitions  to  12  and  17  ms.  The  4  per  cent,  solution  of  the 
same  salt  gave  no  more  than  23  and  7  ms. 

Mercury. — The  osmose  of  the  salts  of  both  oxides  of  this  metal  is 
always  positive,  and  generally  considerable.  The  osmose  appeared  to 
be  of  least  amount  in  the  chloride  (corrosive  sublimate),  to  increase 
in  the  protonitrate,  and  to  assume  its  greatest  magnitude  in  the 
pernitrate.  The  first  salt  has  a  stability  in  solution  which  the  latter 
two  salts  do  not  enjoy. 

Extraordinary  osmose  is  here,  therefore,  associated  with  facility  of 
decomposition,  as  in  so  many  other  instances. 

The  influence  of  the  presence  of  acids  and  of  chloride  of  sodium 
upon  the  osmose  of  chloride  of  mercury  was  tried  in  the  search  for 
facts  which  might  throw  light  on  the  osmotic  process. 

An  acid  in  small  proportion  appears  to  favour,  rather  than  otherwise, 
the  osmose  of  chloride  of  mercury.  Chloride  of  sodium,  on  the  other 
hand,  exerts  its  usual  repressing  influence  upon  the  process. 


Table  XXVIIL- 


■Solutions  of  Mercury  in  Osmometer  C  of  double 
membrane  for  five  hours. 


Proportion  of  salt  in  solution. 


Rise  in 
millimeter 
I  degrees. 


Previous      Hydro- 
raacera-  !      static 
tion.      resistance 


Tempera- 
ture, 
Fahr. 


I  i)er  cent,  of  chloride  of  mercury     . 

Same 

O'l  per  cent,  of  chloride  of  mercury      .  I 

Same i 

I  per  cent,  cf  chloride  of  mercury  -f  Ovl    i 
per  cent,  of  hydrochloric  acid  .     .     .  \ 

Same  +  same : 

Same  +01  i)er  cent,  of  nitric  acid  .     .  | 

Snme  -f  same i 

Same  +  0*5  percent,  of  chloride  of  sodium  ^ 
Same  +  same I 


116 
121 

62 
49 

168 
182 
152 
122 
72 
(50 
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Adopting  the  second  experiments  as  the  most  trustworthy,  we  have 
for  1  per  cent,  of  chloride  of  mercury  an  osmose  of  121  ms.,  and  for 
the  same,  associated  with  half  its  weight  of  chloride  of  sodium,  60  ms. 

The  osmose  of  chloride  of  mercury  in  albumen  was  very  trifling, 
being  only  5  and  9  ms.  ;  chloride  of  mercury  diffused  in  sensible 
quantity,  however,  through  both  the  albumen  and  membrane. 

Protonitrate  of  mercury  gave,  in  double  membrane,  an  osmose  of  232, 
1^46,  and  350  ms. ;  in  albumen  much  less,  namely  47,  63,  and  61  ms. 

Pernitrate  of  mercury  gave,  in  double  membrane,  425  and  476  ms. 
for  the  1  per  cent,  solution,  and  296  ms,  for  the  one-tenth  per  cent, 
solution,  results  which  indicate  osmotic  power  of  the  highest  intensity. 

The  membrane  preserved  a  considerable  action  after  the  last  experi- 
ments, although  macerated  in  water  for  a  night,  and  imparted 
thereafter  to  a  salt  nearly  neutral  to  osmose  (nitrate  of  silver),  a  rise 
of  222  and  166  ms. 

In  albumen,  pernitrate  of  mercury  again  was  low,  giving  32  and 
54  ms.  for  1  per  cent,  of  the  salt,  and  34  and  46  ms.  for  the  one- 
tenth  per  cent,  solution. 

Silver. — It  is  interesting  to  observe  how  this  metal  separates  itself 
from  mercury  and  the  magnesian  elements,  and  takes  its  place  with 
the  alkaline  metals  in  the  property  of  osmose,  as  in  other  chemical 
characters.  Nitrate  of  silver  appeared  to  possess  a  modei-ate  positive 
osmose,  like  a  salt  of  potash  or  soda.  For  the  sake  of  comparison, 
the  silver  salt  was  followed  by  nitrate  of  soda  in  the  experiments  below. 

Table  XXIX. — Solutions  in  Osmometer  G  of  double  membrane 
for  five  hours. 


Salt  in  osmometer. 

Eise  in 

millimeter 

degrees. 

Previous 
macera- 
tion. 

Hydro- 
static 
resistance. 

Tempera- 
ture, 
Fahr. 

]  per  cent,  of  nitrate  of  silver      .     .     . 
Same 

36 
34 

27 
22 

7 

0 

days. 
1 
1 
1 
1 
2 
] 

min. 

2 
2 

2 
2 
2 

2 

o 

64 
05 

0-1  per  cent,  of  nitrate  of  silver    .     .     . 

Same 

]  per  cent,  of  nitrate  of  soda  .... 
Sam-e 

02 
64 
01 
04 

The  experiments  of  the  table  indicate  an  average  osmose  of  35 
ms.  for  ]  per  cent,  of  nitrate  of  silver,  and  of  45  ms.  for  the  same 
proportion  of  nitrate  of  soda.  A  considerable  diffusate  of  silver 
appeared  in  all  the  .experiments  with  the  salt  of  that  metal. 

Gold  and  Platinum. — The  chlorides  of  these  metals  have  already 
been  shown  to  possess  a  decided  negative  osmose,  and  in  that  respect  to 
rank  with  acids. 

In  concluding  this  paper  I  may  place  together  a  series  of  numerical 
results  which  exhibit  the  osmose  of  substances  of  all  classes.  Some  of 
these  numbers  have  not  been  previously  reported. 
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Hydrochloric  acid  (Ovl  per 

3ent.)   —  92 

Tercliloride  of  gold  .     . 

.     .      —  54 

Bichloride  of  tin       .     . 

.     .      —  46 

Bichloride  of  platinum 

.     :      —  80 

Nitrate  of  magnesia 

.     .      —  22 

Chloride  of  magnesium 

.     .      —     2 

Chloride  of  sodium  .     . 

.  :  + 12 

Chloride  of  potassium  . 

18 

Nitrate  of  soda    .     .     . 

14 

Nitrate  of  silver  .     .     . 

34 

Sulphate  of  potash  ,     . 

.  21  to  60 

Sulphate  of  magnesia  . 

14 

Chloride  of  calcium       .     . 

20 

Chloride  of  barium  .     . 

31 

Chloride  of  strontium  . 

26 

Chloride  of  cobalt     .     . 

26 

Chloride  of  manganese 

34 

Osmose  in  membrane  of  1  per  cent,  solutions  expressed  in  millimeter 

degrees. 

Oxalic  acid — 148  i   Chloride  of  zinc   . 45 

Chloride  of  nickel 88 

Nitrate  of  lead 204 

Nitrate  of  cadmium       ....  137 

Nitrate  of  uranium 458 

Nitrate  of  co})per 204 

Cliloride  of  copper 351 

Protochloride  of  tin       ....  289 

Protochloride  of  iron     ....  435 

Chloride  of  mercury      ....  121 

Protonitrate  of  mercury     .     .     .  350 

Pern itrate  of  mercury   ....  476 

Acetate  of  sesquioxide  of  iron     .  194 

Acetate  of  alumina 393 

Chloride  of  aluminum  ....  540 

Phosphate  of  soda 311 

Carbonate 'of  potash      ....  439 

It  will  be  observed  that  acid  and  alkaline  salts  are  found  at  opposite 
ends  of  the  series,  or,  while  the  acids  possess  negative  osmose,  the 
alkaline  salts  exhibit  positive  osmose  in  the  highest  degree.  The 
remark  will  suggest  itself,  that  in  osmose  water -always  appears  to  pass 
to  the  alkaline  side  of  the  membrane ;  as  water  also  follows  hydrogen 
and  the  alkali  in  the  electrical  endosmose. 

The  chemical  action  must  be  different  on  the  substance  of  the 
membrane  at  its  inner  and  outer  surfaces  to  induce  osmose ;  and 
according  to  the  hypothetical  view,  which  accords  best  with  the 
phenomena,  the  action  on  the  two  sides  is  not  unequal  in  degree  only, 
but  also  different  in  kind.  It  appears  as  an  alkaline  action  on  the 
albuminous  substance  of  the  membrane  at  the  inner  surface,  and  as 
an  acid  action  on  the  same  substance  at  the  outer  surface.  The  most 
general  empirical  conclusion  that  can  be  drawn  is,  that  the  water 
always  accumulates  on  the  alkaline  or  basic  side  of  the  membrane. 

The  analogy  does  not  fail  even  when  the  osmometer  is  charged  with 
an  acid  solution  and  the  osmose  is  negative.  The  stream  is  then 
outwards  to  the  water,  which  is  a  basic  body  compared  with  the  acid 
within  the  luembrane. 

The  high  positive  osmose  of  the  salts  of  the  alumina  type  is 
exceedingly  remarkable.  The  property  is  common  to  salts  of  alumina, 
sesquioxide  of  iron,  sesquioxide  of  chromium,  and  the  corresponding 
oxide  of  uranium.  Now  the  property  in  these  salts  is  small  where  the 
salt  is  stable,  as  in  the  sulphates,  but  becomes  great  where  the  affinity 
between  the  acid  and  base  is  coniparatively  weak,  as  in  the  chlorides, 
nitrates,  and  acetates  of  these  bases,  smalts  which  can  be  shown  to  be 
largely  decomposed  in  the  experiment  by  the  action  of  diffusion. 
Here  then,  as  with  the  preceding  class  of  osmotic  bodies,  the  osmose 
of  the  water  is  towards  the  basic  side  of  the  membrane. 

But  the  most  curious  circumstance,  with  reference  to  this  empirical 
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generalisation,  is  observed  in  the  magnesian  class  of  salts.  The  barytic 
subdivision  of  this  class,  including  all  the  soluble  salts  of  baryta, 
strontia,  and  lime,  appear  to  be  entirely  unosmotic,  or  they  oscillate 
between  a  small  positive  and  small  negative  osmose.  Such  salts  are 
neutral  in  their  reaction,  and  further,  have  no  disposition  whatever  to 
form  subsalts.  The  salts  of  the  earth,  magnesia  itself,  offer  the  same 
characters.  But  in  the  salts  of  certain  other  oxides  of  the  magnesian 
group  an  intensely  osmotic  character  is  developed,  particularly  in  the 
salts  of  copper,  protoxide  of  lead  and  protoxide  of  tin,  with  the  excep- 
tion of  the  soluble  sulphates  of  these  bases.  Now  those  named  are 
the  members  of  the  magnesian  class  most  apt  to  break  up  into  free 
acid  and  a  basic  salt.  Like  the  aluminous  salts,  therefore,  they  are 
capable  of  investing  the  inner  surface  of  the  membrane  with  basicity, 
the  necessary  condition  of  positive  osmose.  Nitrate  of  uranium  does 
not  require  to  form  a  subsalt,  as  it  is  already  constitutionally  basic. 
The  osmotic  peculiarity  of  metaphosphoric  acid,  formerly  referred  to, 
also  harmonises  with  the  same  view. 

Neutral  monobasic  salts  of  the  alkaline  metals,  such  as  the  chlorides 
of  potassium  and  sodium,  and  the  nitrates  of  potash,  soda,  and  silver, 
which  possess  a  strict  and  unalterable  neutrality,  appear  to  have  little 
or  no  true  osmotic  action.  The  salts  named,  together  with  the  neutral 
magnesian  sulphates  and  certain  neutral  organic  substances,  such  as 
alcohol  and  sugar,  give  occasion,  it  is  true,  to  an  increase  in  the  fluid 
of  the  osmometer,  but  only  to  the  moderate  extent  which  the  exchange 
of  diffusion -volumes  might  be  supposed  to  produce.  The  comparative 
diffusibility  of  all  these  substances  is  well  known,  with  the  exception, 
unfortunately,  of  that  of  water  itself,  which  I  could  only  deduce  by 
an  indirect  method  in  my  previous  inquiries  respecting  liquid  diffusion. 
As  salts  generally  appeared  to  diffuse  in  water  four  times  more 
rapidly  than  they  did  in  alcohol,  the  difiusibility  of  water  was  then 
assumed  as  probably  four  times  greater  than  that  of  alcohol,  and  con- 
sequently five  or  six  times  greater  than  that  of  sugar  or  sulphate  of 
magnesia.  Dififusion  is  thus  made  to  account  for  the  substances  last 
named  being  replaced  in  the  osmometer  by  five  or  six  times  their 
weight  of  water.  This  "  diffusion-osmose^^  appears  to  follow  in  its 
amount  the  proportion  of  salt  in  solution,  with  a  certain  degree  of 
regularity.  The  "  chemical  osmose'^  of  substances,  on  the  other  hand, 
is  found  of  high  intensity  with  small  quantities  of  the  substance,  such 
as  1  per  cent,  or  even  OT  per  cent.,  and  to  augment  very  slowly  with 
increased  proportions  of  the  substance  in  solution. 

A  small  proporti(^i  of  common  salt  accompanying  carbonate  of 
potash  has  been  seen  to  possess  a  singular  influence  in  diminishing  the 
positive  osmose  of  the  last-named  alkaline  salt ;  while  a  mixture  of 
small  proportions  of  common  salt  and  hydrochloric  acid  exhibits,  with 
the  membrane  in  certain  conditions,  an  intense  positive  osmose  which 
neither  of  these  substances  possesses  individually. 

The  bibasic  salts  of  potash,  again,  such  as  the  sulphate  and  oxalate. 
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although  strictly  neutral  in  rear  tion,  begin  to  exhibit  a  positive  osmotic 
power,  in  consequence,  it  may  be  supposed,  of  their  resolvability  into  an 
acid  salt  and  free  alkaline  base. 

The  sulphate  of  potash,  when  strictly  neutral,  has  in  different  mem- 
branes a  variable  but  always  moderate  positive  osmose,  an  osmose  which' 
the  slightest  trace  of  a  strong  acid  may  cause  to  disappear  entirely,  or 
even  convert  into  a  small  negative  osmose. 

On  the  other  hand,  a  minute  addition  of  an  alkaline  carbonate  to 
the  sulphate  of  potash  appears  to  give  that  salt  a  positive  osmose  of  a 
high  order.  It  was  seen  that  the  mixed  salts  produce  much  more 
osmose  than  the  sum  of  the  osmose  of  the  two  salts  used  apart  from 
each  other. 

It  may  appear  to  some  that  the  chemical  character  which  has  been 
assigned  to  osmose  takes  away  from  the  physiological  interest  of  the 
subject,  in  so  far  as  the  decomposition  of  the  membrane  may  appear 
to  be  incompatible  with  vital  conditions,  and  osmotic  movement  con- 
fined therefore  to  dead  matter.  But  such  apprehensions  are,  it  is 
believed,  groundless,  or  at  all  events  premature.  All  parts  of  living 
structures  are  allowed  to  be  in  a  state  of  incessant  change, — of  decom- 
position and  renewal.  The  decomposition  occurring  in  a  living 
membrane,  while  effecting  osmotic  propulsion,  may  possibly  therefore 
be  of  a  reparable  kind.  In  other  respects  chemical  osmose  appears  to 
be  an  agency  particularly  well  adapted  to  take  part  in  the  animal 
oeconomy.  It  is  seen  that  osmose  is  peculiarly  excited  by  dilute  saline 
solutions,  such  as  the  animal  juices  really  are,  and  that  the  alkaline  or 
acid  property  which  these  fluids  always  possess  is  another  most  favour- 
able condition  for  their  action  on  membrane.  The  natural  excitation 
of  osmose  in  the  substance  of  the  membranes  or  cell  walls  dividing 
such  fluids  seems  therefore  almost  inevitable. 

In  osmose  there*is,  further,  a  remarkably  direct  substitution  of  one 
of  the  great  forces  of  nature  by  its  equivalent  in  another  force — the 
conversion,  as  it  may  be  said,  of  chemical  affinity  into  mechanical 
power.  Now,  what  is  more  wanted  in  the  theory  of  animal  functions 
than  a  mechanism  foi*  obtaining  motive  power  from  chemical  decom- 
position as  it  occurs  in  the  tissues  ?  In  minute  microscopic  cells  the 
osmotic  movements  should  attain  the  highest  velocity,  being  entirely 
dependent  upon  extent  of  surface.  May  it  not  be  hoped,  therefore, 
to  find  in  the  osmotic  injection  of  fluids  the  deficient  link  which 
intervenes  between  chemical  decomposition  and  muscular  contraction  ? 

The  intervention  of  the  osmotic  force  is  also  to  be  looked  for  in  the 
ascent  of  the  sap  of  plants.  The  osmometer  of  albuminated  calico 
appears  to  typify  the  vegetable  cell ;  the  ligneous  matter  of  the  latter 
being  the  support  of  a  film  or  septum  of  albuminous  matter,  in  which 
the  active  properties  of  the  cell  reside.  With  a  vegetable  salt,  like 
oxalate  of  potash  above,  and  pure  water  below  such  a  septum,  an 
upward  movement  of  the  lower  fluid  would  necessarily  ensue. 
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VII. — Chemical  Composition  of  the  Waters  of  the  Metropolis 
during  the  Autumn  and  Winter  of  1854. 

By  Robert  Dundas  Thomson,  M.D.,  F.R.S.  L.  &  E. 

The  important  bearing  of  the  composition  of  the  waters  supplied  to 
the  inhabitants  of  the  metropolis  on  the  public  health,  may  serve  as  a 
sufficient  apology  for  the  addition  of  another  to  the  many  previous 
investigations  which  have  been  instituted  on  this  subject.  The  valu- 
able report  communicated  to  this  Society  in  1851,  details  researches 
which  were  made  under  particular  circumstances  during  the  winter 
season,  and  at  a  time  when  the  diluting  influence  of  recent  rain  had 
tended  to  modify  the  constitution  of  the  metropolitan  waters.  In  the 
present  paper  it  is  intended  to  comprise  a  summary  of  an  extensive 
series  of  analyses  which  were  made  from  the  1st  of  September,  1854, 
to  the  beginning  of  the  present  year.  From  these  results  it  is 
apparent  that  the  waters  supplied  to  London  possess  in  many  respects 
a  fluctuating  character,  which  may  tend  in  some  measure  to  explain 
the  antagonistic  views  that  have  at  different  times  been  entertained 
with  regard  to  their  adaptation  to  domestic  purposes. 

In  order  to  determine  the  composition  of  the  waters  as  supplied  to 
the  inhabitants,  specimens  of  water  were  taken  from  houses  generally 
in  which  the  epidemic  had  proved  fatal,  and  these  were  compared^ 
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when  the  object  could  be  conveniently  accomplished,  with  samples 
obtained  from  the  sources  of  supply. 

In  the  course  of  the  inquiry  it  was  observed  that  the  composition 
of  the  Chelsea  and  Southwark  Companies'  waters  depended  so  much 
on  the  state  of  the  river  under  different  circumstances,  that  it  was 
found  necessary  to  examine  the  Thames  at  various  periods  of  the  tidal 
flow,  so  as  to  obtain  a  basis  for  the  explanation  of  remarkable  apparent 
discrepancies.  The  following  table  gives  the  composition  of  the  river 
in  different  parts  of  its  course  at  high  and  low  waters,  the  Vauxhall 
samples  having  been  obtained  at  a  point  intermediate  between  those 
from  which  the  Chelsea  and  Southwark  Companies  derive  their 
supply.  The  amounts  are  stated  in  grains  per  gallon,  convertible 
into  degrees  of  impurity.* 

Table  I. 
High  Water. 


VauxhaU. 

Hungerford. 

London 
Bridge. 

Greenwich. 

MechanicaJ  impurity 
Organic  impurity    . 
Inorganic  impurity 

G0^50 

5-28 

36-64 

G4°64 

5-80 

45-24 

03'-44 

4-72 
45-08 

Total  impurity 

102-42 

115-68 

113-24 

— 

Chlorine         .... 

22-00 

24-00 

24-00 

— 

Low  Water. 


Mechanical  impurity 
Organic  impurity    . 
Inorganic  impurity 


10'26 

4-34 

12-54 


27-14 


16-80 

8-40 

23-64 


48-84 


3-52 

7-36 

21-20 


32-08 


3-70 
19  44 
72-54 


95-68 


In  collecting  these  specimens,  care  was  taken  that  each  series  should 
be  obtained  on  the  same  day,  and  as  nearly  as  possible  at  each  locality 
at  the  corresponding  periods  of  the  tide. 

When  this  table  is  compared  with  that  which  now  follows,  the 
varying  composition  of  the  Thames  waters,  taken  from  the  lower 
portion  of  the  river's  course,  obviously  depends  on  the  chemical  state 


*  I  have  proposed,  in  concurrence  with  the  opinion  of  some  eminent  engineers  of 
water-works,  to  designate  pure  distilled  water  by  0,  and  to  express  by  degrees  equi- 
Talent  to  grains  per  gallon  the  mechanical  and  soluble  matters  contained  in  water. 
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of  the  water  in  the  river  as  affected  by  the  tidal  flow  at  the  period 
when  the  Company's  engines  are  in  action. 


Table  II. 
Total  Residue  in  Thames  Waters. 


Grains  per  Imperial  Gallon. 

-""' 

Grand 

West 

— -      ^^^-^- 

Lambeth 

Junction 

Middlesex 

Chelsea  jSouthwark 

Company.  Company. 

Company. 

Company. 

Company. 

August,        1854     . 



__. 





56-26 

September,     „        .         .         . 

13-37 

14-42 

1904 

60-17 

48-18 

October,         „        ,         .         . 

— 



— 

— 

43-50 

November,     „        .         .         . 

17-40 

17-92 

18-97 

— 

41-78 

December,      „ 

— 

— 

— 

36-96 

— 

March,         1855     . 

— 

— 

— 

— 

2315 

According  to  these  data,  which  are  the  means  of  many  experiments, 
the  Southwark  and  Vauxhall  water  is  more  than  twice  as  impure  in 
August  as  in  March.  These  numbers,  however,  do  not  convey  a 
correct  idea  of  the  highest  extreme  obtained,  since  in  September  the 
water  has  been  found  to  contain  72*66  grains  per  gallon  on  one 
occasion  in  Walworth.  A  similar  observation  applies  to  the  water  of 
the  Chelsea  Company.  But  it  will  be  observed  that  the  higher 
sources  of  supply  from  the  river  afford  the  purest  water  during  the 
dry  seasons,  and  the  largest  amount  of  matter  in  solution  during  the 
Wet  seasons,  as  the  rains  bring  down  the  soluble  constituents  of  the 
soil  from  the  agricultural  districts,  and  add  to  the  total  amount  both 
of  earthy  and  alkaline  salts.  In  the  following  series,  the  analyses 
are  divided  into  two  groups.  Tables  III.  and  IV.,  the  first  comprising 
the  Thames  waters,  and  the  second  those  obtained  from  other  sources. 
The  total  water  supplied  to  the  metropolis  by  the  various  companies 
in  1853,  amounted  to  60,614,420  gallons,  of  which  28,638,576 
gallons  were  derived  from  the  Thames.  Considerable  modifications 
in  these  works  have  been  introduced  by  some  of  the  water  companies 
within  a  recent  period,  which  have  contributed  to  improve  the  quality 
of  the  waters.  Thus,*the  Lambeth  Company's  water  is  now  obtained 
from  Thames  Ditton,  while  important  new  cuttings  have  been  made 
by  the  East  London  Company,  so  as  to  avoid  the  influence  of  con^ 
taminating  sewage.  As  the  object  in  view  in  making  the  present 
investigation,  was  to  determine  the  nature  of  the  water  as  used  in  the 
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several  localities  from  which  the  samples  were  taken,  the  specimens 
were  usually  collected  from  the  cisterns,  if  possible,  at  the  time  when 
the  service-pipe  was  delivering  the  supply.  This  may  account  for 
some  differences  in  the  amount  of  carbonate  of  lime,  which  is  well 
known  to  precipitate  to  some  extent  by  exposure. 

In  all  the  waters  collected  during  the  course  of  the  inquiry,  abund- 
ance of  animal  and  vegetable  life  was  detected  in  mechanical  suspension, 
and  although  the  experiments  were  in  some  measure  in  abeyance 
before  the  cold  weather  set  in,  remarkable  examples  were  incidentally 
noticed,  during  the  severest  frost,  of  the  persistence  of  vitality  among 
some  of  the  larger  animal  forms  familiar  to  those  who  have  micro- 
scopically examined  the  Southwark  water.  The  fibrine  of  the  faeces  has 
also  constantly  been  obtained  from  service-pipes  of  the  Southwark 
Company, — a  fact  which  has  led  to  further  investigation  in  reference  to 
the  presence  of  other  products  of  animal  origin  in  the  Lambeth  and 
Southwark  waters,  these  two  waters  being  derived  from  the  two 
extremes  of  the  river,  so  far  as  the  Thames  Companies  are  involved. 
The  results  of  these  inquiries  are  included  in  Table  III.,  under  the 
head  of  carbonate  of  ammonia,  and  under  Table  V.  As  the  waters 
from  Thames  Ditton  and  from  the  Thames  at  Vauxhall  were  tested 
for  ammonia  on  the  same  day,  the  difference  in  the  amount  of  am- 
monia in  favour  of  Vauxhall  water  is  obviously  due  to  the  influence 
of  human  excretions.  And  it  would  also  appear  from  experiments 
on  other  rivers  not  subject  to  the  reception  of  sewage,  that  the 
Thames  Ditton  water  is  supplied  with  an  excess  of  ammonia  due  to 
the  influence  of  different  sources  of  pollution.  In  a  chemical  paper 
no  attempt  to  discuss  the  nature  of  the  organised  matter  diffused 
through  the  waters  has  been  made.  The  analyses  were  made  from 
quantities  of  the  residual  ash  obtained  by  evaporation. 
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Tables  III.  and  IV. 
Composition  of  Metropolitan  Waters. 


G-rains  per  Imperial  Grallon. 

I. 

Tha 
II. 

III 

1-920 
•090 

•730 
4-967 
•975 
•343 
•228 
•372 
•249 

1-647 
0-980 

8^560 

mes  Waters. 
III.       IV. 

V. 

Otl 
I. 

ler  Wat 
II. 

ers. 
III. 

36 

-  i  ^ 

2-080 
•520 

-460 
5-555 
-868 
-342 
•157 
•643 
•259 

1-504 
1-160 

9-880 

^5 

II 

is 

Ill 

III 

^6 

Organic  matter  .. 

1-390 
•350 

•215 

5-680 

•944 

-281 

-260 

•379 

•328 

•023 

1-599 

1-020 

9-550 

5-410 
1-511 

•639 
5^348 
2-649 
•209 
1-283 
11-708 
1-304 

6-043 

19-554 

9-106 

3-560 
-240 

•460 
5-992 
2-374 

-238 

•886 
5-967 
1-086 

-297 

2-980 

12-160 

-050 
9-941 

2-330 
•180 

•400 
6-712 
•918 
•407 
trace 
•942 
•320 

1-393 
1-430 

11-442 

1-940 
•320 

-520 
6-718 
•549 
•354 
•100 
9-9^1 
•307 

•841 
•860 

11^336 

1-480 

Sihca 

-420 

Sesquioxides  of  iron,  alu- 
mina, and  phosphates. 
Insoluble  lime  .  . 

-130 
5342 

Soluble  lime 

1-254 

Insoluble  magnesia  

Soluble  magnesia 

•100 
•400 

Sodium 

•343 

Potassium 

•518 

Ammonia  

Sulphuric  acid  

2-344 

Chlorine     

1-240 

Nitric  acid 

Carbonic  acid    

8-616 

Organic  matter 

1-390 
•350 

•215 

10144 

2-149 

trace 

•592 

•617 
•730 

.-966 

1^920 
•090 

•730 

8-870 
2-368 
trace 

•720 

•542 
•553 

•947 

2-080 
-520 

•460 
9-919 
2-109 
trace 

•720 

•360 
•577 

1-637 

5-410 
1-511 

•639 
9-550 
6-432 

trace 

•438 
1^390 
1947 
2-903 

trace 

29-797 

3-560 

-240 

•460 

10-700 

3-179 

•070 
2-108 

•500 

2-101 
2-413 
trace 
trace 
trace 
16-001 

2-330 
•180 

•400 

11-985 

1812 

trace 

-855 

trace 
•712 

2  355 

1-940 
•320 

•520 

11-997 

•897 

trace 

•743 

•237 

•682 

1-125 

1-480 

Silica 

•420 

Sesquioxide  of  iron,  alu- 
mina, and  phosphates. 
Carbonate  of  lime 

•130 
9^540 

Sulphate  of  lime    

3-085 

Nitrate  of  lime 

Chloride  of  calcium 

Carbonate  of  magnesia. . . 
Sulphate  of  magnesia  . , . 
Chloride  of  magnesium. . . 

Sulphate  of  potash  

Chloride  of  potassium  . . . 
Sulphate  of  soda  

•210 

•949 
1153 

Carbonate  of  soda 

Chloride  of  sodium  

•874 

Total 

17153 

17-440 
•064 
13.2      J 

L6-740 
L6-920  j 
L26      ' 

L8443 
18-970 1 
12-8      ^ 

60-017 
60170 
18-4 

10-593 

il-780 
-840 
18  2 

20-629 
20-780 
14- 

18-461 
18-300 
14-2 

17-841 

Residue  by  evaporation  . 
Carbonate  of  ammonia. . .  1 
Hardness  ' 

17760 
12-2 
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AMxMONIA  IN  THE  LAMBETH  AND  SOUTHWARD  COMPANIES^  WATERS. 

As  the  absolute  and  relative  amount  of  ammonia  present  in  water, 
in  addition  to  the  quantity  of  nitric  acid,  is  a  question  of  vital  im- 
portance in  regard  to  the  sources  of  the  contaminating  influences  to 
which  waters  are  subjected,  it  seemed  desirable  to  make  the  experiments 
upon  such  a  scale  of  magnitude,  that  minor  difficulties  occurring  on 
the  small  scale  of  operations  might  be  obviated.  In  the  subsequent 
tables,  exhibiting  the  amount  of  ammonia  present  in  Southwark  water, 
the  quantity  operated  on  was  always  50  gallons,  which  were  introduced 
into  a  copper  still,  and  boiled  for  a  considerable  time  in  order  to 
precipitate  the  carbonate  of  lime.  About  2  gallons  of  distilled  water 
were  usually  drawn  off,  and  were  never  found  alkaline ;  from  which 
it  might  be  inferred  that  no  carbonate  of  ammonia  existed  in  the 
water :  but  the  distillation  was  scarcely  protracted  sufficiently  long  to 
decide  this  question.  About  half  a  pint  of  strong  caustic  soda  was 
then  poured  into  the  boiler,  and  the  2  gallons  of  distilled  water 
returned.  When  the  amount  of  ammonia  present  in  the  water  was 
considerable,  the  distilled  fluid  gave  evidence  of  an  alkaline  reaction 
in  about  two  minutes  after  the  addition  of  the  soda,  which  accounts 
for  the  facts  exhibited  in  the  table,  of  the  largest  amount  of  ammonia 
being  found  to  exist  in  the  second  half  gallon,  as  in  Nos.  1  and  2. 
When  the  quantity  of  ammonia  was  feeble,  as  in  No.  4,  no  alkalinity 
was  detected  till  the  fourth  half  gallon  was  distilled.  The  rate  at 
which  the  ammonia  distilled  was  found  to  depend,  in  a  great  measure, 
on  the  mode  of  the  application  of  the  heat  to  the  still,  the  higher 
the  temperature  the  more  rapid  being  the  evolution  of  the  ammonia, 
as  in  Nos.  1  and  2 ;  while  in  No.  5,  the  gradual  application  of  the 
heat  caused  the  alkalinity  to  be  appreciable  even  in  the  eighteenth 
half-gallon  of  distilled  water. 

The  alkalinity  was  neutralised  in  all  the  experiments  in  the  table  by 
sulphuric  acid  diluted  to  such  a  degree,  that  100  alkalimeter  mea- 
sures saturated  38*46  of  soda,  or  21"112  of  ammonia.  Each  100 
measures,  therefore,  contained  49*67  parts  of  sulphuric  acid.  In 
order  to  check  the  numbers  determined  by  the  neutralising  acid,  the 
whole  of  the  fluids,  after  the  addition  of  a  slight  excess  of  acid,  were 
evaporated  to  dryness,  and  the  residual  sulphate  of  ammonia,  freed 
from  a  small  portion  of  lime  with  which  it  was  usually  contaminated, 
dried  cautiously  in  a  dry  atmosphere  and  weighed.  The  controlling 
numbers  thus  obtained  are  exhibited  in  Table  VI.  Generally  they 
exceed  the  quantity  procured  by  means  of  the  acid  process,  because 
several  additional  gallons  which  were  drawn  ofi^,  although  destitute  of 
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any  appreciable  alkalinity,  were  acidified  and  boiled  down  to  obtain 
their  residue,  which  was  added  to  the  rest  of  the  sulphate.  The 
Southwark  and  Vauxhall  water  was  examined  on  this  extensive  scale, 
because  the  operation  could  be  conveniently  performed ;  but  in  the 
case  of  the  Lambeth  water,  as  the  fluid  required  to  be  brought  from  a 
distance,  the  distillation  was  made  with  10  gallons ;  acid  was  added 
to  the  distillate  until  the  reaction  indicated  an  excess ;  the  water  was 
cautiously  evaporated ;  and  the  ammonia  determined  as  platino-sal- 
ammoniac.  In  the  case  of  the  St.  Thomas's  Well,  the  amount  distilled 
from  was  50  gallons. 

Table  V. 
Southwark. 


Measures  of  Acid. 


St.  Thomas'i 
Well. 


I. 

II. 

III. 

IV. 

V. 

Half- 

Nov.  30, 

Dec.  22, 

January  5, 

March  17, 

March  17, 

G-allons. 

1854. 

1854. 

1855. 

1855. 

1855. 

1st 

8-5 

ll-O 

6-0 

0-0 

8-0 

2d 

11-5 

130 

6-0 

00 

00 

3d 

0-0 

9-0 

4-0 

0-0 

6-0 

4th 

5-5 

7-0 

40 

2-0 

5-0 

5th 

5-5 

6-0 

4-0 

1-5 

4-0 

(Uh 

5-5 

C-0 

4-0 

1-5 

3-5 

7th 

5-5 

5-0 

5-0 

10 

3-5 

8th 

— 

4-0 

5-0 

1-0 

30 

9th 

— 

4-0 

20 

10 

3-0 

10th 

— 

30 

0-0 

ro 

2-5 

11th 

— 

2-5 

0-0 

0-5 

2-0 

12th 

— 

— 

00 

0-5 

2-5 

13th 

— 

— 

— 

— 

20 

14th 

— 

— 

— 

— 

1-5 

15th 

— 

— 

— 

— 

1-0 

16th 

— 

— 

— 



10 

I7th 

— 

— 

— 

— 

0-5 

18th 

.    — 

— 

— 

— 

0-5 

48-0 

70-5 

40-0 

10-0 

55-5 
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Table  VI. 
Amount  of  Ammonia  in  Southwark  and  Lambeth  Waters. 


St.  The. 

Well. 

Nov.  30 

Dec.  22, 

Jan.  5, 

Mar.  17  Mar.  17 

1854. 

1854. 

1855. 

1855. 

1855. 

Southwark  and  Vaiixhall  Water,  and 

St.  Thomas's  Well  :— 

Ammonia   (NHg)    in   50  gallons,  deter- 

mined by  an  acid         ....    10-134 

14-884 

8-444 

2-111 

11-717 

Ditto,  by  evaporation  as  sulphate  . 

—  ■ 

— 

— 

2-575 

11-874 

Ammonia  (NHg)  per  gallon,  determined 

by  acid 

•203 

•298 

•169 

•042 

•234 

Ditto,  by  evaporation  as  sulphate  . 

— 

.   — 

— 

•0515 

•2375 

Carbonate   of  ammonia   (NHgCO^HO), 

per  gallon 

•573 

•850 

•477 

•119 

•661 

Lambeth  Water  Company  :— 

Ammonia,  per  10  gallons 

•2290 

— 

— 

— 

— 

Ditto,  1  gallon 

•0229 

— 

—     1     — 

— 

Carbonate  of  ammonia,  per  gallon  . 

I    -0640 

— 

— • 

1     — 

— 

SOFTENING  PROCESS  FOR  WATERS. 

Having  had  an  opportunity  of  witnessing  on  an  extended  scale 
at  Plumstead,  under  the  management  of  Mr.  Homersham,_  the 
efficiency  of  Dr.  Clark's  softening  process,  it  may  be  satisfactory  to 
subjoin  analyses  of  two  chalk- waters  in  their  natural  and  softened 
conditions : — 


Organic  matter  . 
Silica. 

Alumina  and  phosphates 
Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime 
Nitrate  of  lime   . 
Sulphate  of  potash 
Sulphate  of  soda 
Chloride  of  sodium 

Total  .... 
Residue  by  evaporation 

These  data  are  sufficient,  if  any  were  required,  to  demonstrate  that 
practically  the  softening  process  is  as  successful  as  theory  would 
indicate. 


Watford.           1 

Plumstead. 

Hard. 

Soft. 

Hard. 

Soft. 

1^400 

r420 

2^720 

2-800 

•480 

-680 

•720 

•720 

•240 

•120 

•340 

•280 

14-131 

-520 

1 1^406 

•400 

•870 

•390 

1-450 

•400   - 

1^887 

•500 

8^864 

8-976 

1-521 

1-580 

— 

— 

•569 

•569 

•284 

-284 

— 

— 

1-235 

1-445 

1153 

1-548 

3-558 

3-054 

22-251 

7-327 

30-577 

18-359 

22^400 

8-030 

30-900 

l«-28 
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VIII. — On  Platinised  Charcoal. 

By  Dr.  John  Stenhouse,  LL.D.,  F.R.S. 

The  lighter  kinds  of  wood  charcoal,  owing  to  the  nine  volumes  of 
oxygen  gas  contained  in  their  pores,  possess  a  considerable  power  of 
oxidising  the  greater  number  of  easily  alterable  gases  and  vapours. 
The  absorbent  power  of  charcoal,  however,  is  comparatively  much 
greater  than  its  capacity  for  inducing  chemical  combination.  In  this 
respect,  charcoal  presents  a  remarkable  contrast  to  spongy  platinum, 
which,  though  inferior  as  an  absorbent  for  some  gaseous  substances, — 
such  for  instance  as  ammonia,  of  which  spongy  platinum  absorbs  only 
30  volumes,  while  charcoal  absorbs  90, — is,  nevertheless,  immensely 
more  effective,  both  as  an  oxidiser,  and  as  a  promoter  of  chemical 
combination  generally.  As  it  is  desirable  for  some  purposes,  while 
retaining  the  absorbent  power  of  charcoal  unimpaired,  to  increase  its 
oxidating  influences,  it  struck  me  that  this  important  object  might  be 
easily  effected  by  combining  the  charcoal  with  minutely  divided 
platinum.  In  this  way,  a  combination  is  produced  to  which  I  have 
given  the  name  of  platinised  charcoal,  which  possesses  the  good  pro- 
perties of  both  of  its  constituents.  In  order  to  platinise  charcoal, 
nothing  more  is  necessary  than  to  boil  the  charcoal,  either  in  coarse 
powder  or  in  large  pieces,  in  a  solution  of  bichloride  of  platinum,  and 
when  the  charcoal  has  become  thoroughly  impregnated  with  the 
platinum,  which  seldom  requires  more  than  ten  minutes  or  a  quarter 
of  an  hour,  to  heat  it  to  redness  in  a  close  vessel — a  capacious  plati- 
num crucible  being  very  well  adapted  for  this  purpose.  When  150 
grains  of  charcoal  were  impregnated  with  nine  grains  of  platinum, 
by  the  process  just  described,  the  charcoal  was  found  to  have  under- 
gone no  change  in  its  external  appearance,  though  its  properties  had 
been  very  essentially  altered.  When  a  few  grains  of  this  platinised 
charcoal  were  passed  up  into  a  mixture  of  dry  oxygen  and  hydrogen 
in  the  proportions  to  form  water,  over  mercury,  the  two  gases  rapidly 
combined  in  the  course  of  a  few  minutes,  precisely  in  the  same  way 
as  when  a  clay  ball  of  spongy  platinum  is  employed.  When,  how- 
ever, a  fragment  of  charcoal  containing  a  considerably  larger  propor- 
tion of  platinum  wa*  passed  up  into  a  similar  gaseous  mixture,  the 
gases  instantly  combined  with  explosive  violence,  just  as  if  platinum- 
black  had  been  used.  If  pieces  of  cold  platinised  charcoal  are  held 
in  a  jet  of  hydrogen,  they  speedily  become  incandescent,  and  inflame 
the  gas.     Platinised  charcoal,  when  slightly  warmed,  likewise  rapidly 
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becomes  incandescent  in  a  current  of  coal  gas,  but  the  jet  of  gas  is 
not  inflamed,  owing  to  the  very  high  temperature,  a  white  heat,  which 
is  required  for  this  purpose. 

In  the  vapour  of  alcohol  or  wood-spirit,  platinised  charcoal  becomes 
red  hot,  and  continues  so  till  the  supply  of  vapour  is  exhausted.  In 
the  course  of  a  few  hours,  spirits  of  wine,  in  contact  with  platinised 
charcoal  and  air,  is  converted  into  vinegar.  I  find  that  two  per  cent, 
of  platinum  is  sufficient  to  platinise  charcoal  for  most  purposes. 
Charcoal  containing  this  small  amount  of  platinum  causes  a  mixture 
of  oxygen  and  hydrogen  to  combine  perfectly  in  about  a  quarter  of  an 
hour,  and  this  is  the  strength  of  platinised  charcoal  that  seems  best 
adapted  for  charcoal  disinfectant  respirators.  Charcoal  containing 
one  per  cent,  of  platinum  causes  a  mixture  of  oxygen  and  hydrogen 
to  combine  in  about  two  hours ;  and  charcoal  containing  the  extremely 
minute  quantity  of  J-  per  cent,  platinum,  produces  the  same  efifect  in 
from  6  to  8  hours.  Platinised  charcoal  seems  likely  to  admit  of 
various  useful  applications  :  one  of  the  most  obvious  of  these  is  its 
excellent  adaptability  to  air-filters  and  respirators  for  disinfectant  pur- 
poses. It  is  plain  that  no  easily  alterable  organic  vapours,  such  as 
effluvia  or  miasmata,  can  remain  in  contact,  even  for  a  few  minutes, 
with  platinised  charcoal,  without  being  destroyed,  their  carbon  being 
converted  into  carbonic  acid  and  their  hydrogen  into  water. 

Platinised  charcoal  also  seems  likely  to  prove  a  highly  useful  appli- 
cation to  malignant  ulcers  and  similar  sores,  on  which  I  confidently 
expect,  from  its  powerful  oxidating  properties,  that  it  will  act  as  a 
mild  but  effective  caustic.  Perhaps,  however,  a»  an  application  to 
sores,  platinised  asbestos,  either  alone  or  in  combination  with  platinised 
charcoal,  might  be  found  more  manageable.  In  those  diseases  also 
where  the  internal  use  of  charcoal  has  been  found  beneficial,  I  should 
think  that  platinised  charcoal  may  be  advantageously  substituted.  In 
Bunsen^s  carbon  battery  also,  the  employment  of  platinised  charcoal 
may,  I  think,  be  advantageously  tried. 

It  is  clear  that  the  amount  of  platinum  in  the  charcoal  may  be 
varied  almost  at  pleasure,  according  to  the  strength  of  the  platinum 
solution  employed  in  its  preparation,  and  the  purposes  to  which  the 
charcoal  is  intended  to  be  applied.  Almost  any  form,  and  even  very 
considerable  dimensions,  may  be  given  to  the  platinised  charcoal, — 
circumstances  which  greatly  extend  the  range  of  its  applications. 
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IX. — On  the  Preparation  of  Strontium  and  Magnesium. 

By  A.  Matthiessen,  Ph.D. 

In  my  paper  on  the  preparation  of  calcium,  I  confirmed  Bun  sen's 
statement  concerning  the  action  of  the  density  of  the  current  employed 
in  the  electrolytic  decomposition  of  metallic  salts.  Since  then,  in 
pursuing  the  research  further  in  the  Heidelberg  Laboratory,  I  have 
found  that  the  same  conditions  are  necessary  for  the  preparation  of 
metallic  strontium. 

The  best  method,  by  which  pieces  weighing  half  a  gramme  are 
sometimes  obtained,  is  as  follows  : — A  small  crucible,  with  a  porous 
cell,  is  filled  with  the  anhydrous  chloride  of  strontium  mixed  with 
some  chloride  of  ammonium,  so  that  the  level  of  the  fused  chloride 
in  the  cell  is  much  higher  than  in  the  crucible.  The  negative  pole 
placed  in  the  cell  consists  of  a  very  fine  iron  wire,  wound  round  a 
thicker  one,  and  then  covered  with  a  piece  of  tobacco-pipe  stem,  so 
that  only  about  the  one-sixteenth  part  of  an  inch  appears  below ;  the 
positive  is  an  iron  cylinder  placed  in  the  crucible  round  the  cell.  It 
is  easy  to  regulate  the  heat  during  the  experiment,  so  that  a  crust 
may  form  in  the  cell ;  the  metal  will  then  collect  under  this  crust 
without  coming  in  contact  with  the  sides.  I  have  found  this  method 
very  advantageous  also  for  the  preparation  of  calcium. 

Strontium  resembles  calcium  in  colour,  being  only  a  shade  darker. 
It  oxidises  much  more  quickly  than  that  metal.  The  specific  gravity 
of  the  metal  obtained  from  pure  chloride  of  strontium  gave  in  two 
experiments  2'5041  and  2'5796,  the  mean  of  which  is  2*5418.  Its 
atomic  volume  is  216,  being  \\  greater  than  that  of  calcium.  The 
specific  gravity  of  calcium  from  pure  chloride  of  calcium  gave  in  three 
experiments  1*5843,  1*5656,  and  1*5835,  the  mean  of  which  is  1*5778. 
The  atomic  volume  is  158.  The  place  of  strontium  in  the  electrical 
series,  water  being  used  as  the  exciting  liquid,  is  not  the  same  as  has 
hitherto  been  supposed,  but  is  as  follows : — 

K  Na,  Li,  Ca,  Sr,  Mg,  &c. 

Strontium  burns*  like  calcium,  and  also  acts  similarly  to  it  when 
heated  in  chlorine,  oxygen,  bromine,  or  iodine,  or  on  boiling  sulphur, 
or  when  fhrown  into  water  or  acids. 

I  next  proceed  to  describe  a  method  of  preparing  magnesium  with- 
out the  necessity  of  making  the  anhydrous  chloride,  out  of  which 
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Bun  sen  reduces  it,*  Instead  of  the  anhydrous  chloride,  the  pre- 
paration of  which  is  so  very  difficult,  it  is  simpler  to  use  a  mixture 
of  the  chlorides  of  potassium  and  magnesium  in  nearly  equal  pro- 
portions :  viz.  three  equivalents  of  chloride  of  potassium  to  four  of 
chloride  of  magnesium.  The  solution  of  the  chloride  of  magnesium 
can  be  evaporated  almost  to  dryness  and  analysed,  to  find  the  amount 
of  anhydrous  salt  present.  After  having  mixed  the  two  salts  in  the 
proper  proportions  with  some  chloride  of  ammonium,  the  mixture 
may  be  fused  and  electrolysed  by  Bun  sen's  method,  the  pockets 
not  being  required,  as  the  metal  is  specifically  heavier  than  the  fused 
mixture.  A  very  simple  and  convenient  way  of  reducing  the  metal, 
especially  for  the  lecture  table,  is  in  a  common  clay  tobacco-pipe,  over 
a  Berzelius'  spirit-lamp,  the  negative  pole  being  an  iron  wire  put  up 
the  pipe-stem,  and  the  positive  being  a  piece  of  gas-coke  just  touching 
the  surface  of  the  fused  chlorides. 


*  Anu.  Ch.  Pharm.  Ixxxii.  137. 
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The  Council  have  the  satisfaction  to  announce  that  there  is  a  steady 
increase  in  the  numbers  of  the  Chemical  Society.  At  the  last 
Anniversary  meeting  the  number  of  Fellows  was — 

Resident  and  Non-resident       ....     247 
Deduct  Deaths        ......         3 


244 
Add  Elected  since 17 

Present  number  of  Fellows       ....     261 

The  Fellows  who  have  died  in  the  last  year  are  Mr.  Richard 
Prosser,  of  Birmingham;  Mr.  John  Thomas  Cooper;  and  Mr. 
Charles  Blachford  Mansfield. 

Richard  Prosser  was  an  engineer  of  high  original  faculties  and 
great  attainments.  He  was  the  inventor  of  many  mechanical  improve- 
ments, and  among  other  inventions,  of  the  process  of  forming  pottery 
from  dry  clay-dust  by  the  application  of  powerful  pressure,  a  process 
which  gave  rise  to  the  manufacture  of  those  coloured  mosaic  tiles 
manufactured  by  Minton,  which  have  attained  so  great  a  celebrity. 
To  the  exertions  of  Mr.  Prosser,  the  late  reform  in  the  Patent 
Law  was  mainly  owing.  At  the  time  of  his  death  he  w^as  sedulously 
pursuing  a  w^ork  of  importance  to  the  Ordnance  Board — an  appendix 
to  the  volume  now  issuing  from  the  office  of  Mr.  Wood  croft,  con- 
taining an  account  of  all  the  patented  inventions  on  the  subject  of 
Gunnery  from  the  earliest  periods.  He  died  at  the  age  of  50. 
• 

John  Thomas  Cooper  was  born  at  Greenwich,  June  29,  J790. 
In  early  life  he  studied  for  the  medical  profession ;  but  Chemistry  was 
his  favourite  science,  and  we  find  him  at  20  years  of  age  delivering 
popular  lectures  on  that  subject  in  Moant  Street,  Lambeth.     He  was 
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subsequently  appointed  Lecturer  on  Chemistry  at  the  Eussell  Institu- 
tion, and  he  was  afterwards  teacher  of  the  same  science  at  the 
Aldersgate  School  of  Medicine.  At  one  time,  Mr.  Cooper  was  the 
sole  manufacturer  of  Iodine  in  this  country.  He  was  also  a  very 
successful  preparer  of  Potassium  and  Sodium  by  the  process  of 
Gay  Lussac  and  Thenard,  at  a  time  when  those  metals  were  sold 
for  ten  and  twelve  guineas  the  ounce.  Among  the  published  results 
of  Mr.  Cooper's  scientific  investigations,  we  may  mention  the  fol* 
lowing  : — "  On  some  Combinations  of  Platinum^'  (Q.  J.  S.,  iii.  119)  ; 
''  Analysis  of  Zinc  Ores''  (Q.  J.  S.,  ix.  19) ;  An  Examination  of  the 
Ancient  Ruby  Glass  (Ann.  Phil.  vii.  105) ;  "  Improvements  in  the 
Instruments  invented  by  Dr.  Wollaston  for  ascertaining  the  Refracting 
Indices  of  Bodies"  (Mem.  of  Chem.  Soc,  April  1843) ;  "  On  Gate- 
chuic  Acid''  (Mem.  Chem.  Soc,  Dec.  1843)  ;  "  On  the  Baroscope,  an 
Instrument  for  Measuring  Heights"  (read  before  the  Royal  Society, 
Feb.  1839).  He  also  discovered  the  Sesquioxide  of  Carbon,  but  from 
delay  in  his  investigation,  Mr.  Serullas,  who  also  discovered  it,  had 
the  priority  of  publication. 

In  the  year  1823,  Mr.  Cooper  received  two  of  the  medals  of  the 
Society  of  Arts,  for  an  improved  Hydrometer  for  Saline  Solutions, 
and  for  an  Apparatus  for  the  Analysis  of  Animal  and  Vegetable 
Substances  (Journ.  Soc.  Arts,  xli.) 

In  1835,  he  perfected  his  Oxyhydrogen  Microscope,  and  in  con- 
junction with  Mr.  Carey,  the  Optician,  produced  it  for  public  exhibi- 
tion. He  first  employed  the  Canada  balsam  for  mounting  microscopic 
objects,  an  invention  of  great  practical  utility. 

He  died  Sept.  24,  1854,  in  his  65th  year. 

Charles  Blachford  Mansfield  was  the  son  of  a  clergyman,  and 
was  born  at  Rowner,  in  Hampshire,  in  the  year  1819.  His  interest 
in  natural  science  exhibited  itself  at  a  very  early  age  in  an  intense 
fondness  for  natural  history,  which  he  always  retained.  He  was  edu- 
cated at  Winchester  School,  and  at  the  University  of  Cambridge. 
Subsequently  he  placed  himself  as  one  of  the  first  pupils  at  the 
College  of  Chemistry,  under  the  guidance  of  Dr.  Hofmann.  After 
passing  through  the  ordinary  training  of  the  College,  he  undertook 
the  investigation  of  the  constituent  volatile  oils  of  coal-tar,  among 
which  he  discovered  the  presence  of  benzol  in  considerable  quantity. 
He  invented  and  patented  a  process  for  obtaining  benzol  from  coal-tar, 
and  for  producing  a  new  light  by  charging  air  with  its  vapour.  His 
researches  on  this  subject  appear  in  Vol.  1  of  the  Journal  of  the 
Chemical  Society,  and  in  the  volume  of  the  Researches  of  the  Chemical 
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College,  as  well  as  in  a  pamphlet.  The  Institute  of  Civil  Engineers 
awarded  to  him,  for  them,  the  Telford  premium. 

In  the  year  1851,  he  was  invited  to  deliver  a  course  of  lectures  on 
the  Chemistry  of  the  Metals,  at  the  Royal  Institution.  The  earlier 
lectures  of  this  course  were  remarkable  for  some  broad  and  original 
generalisatioDs,  which  were  afterwards  developed  by  him  in  a  manu- 
script work  unfortunately  left  unfinished.  During  the  last  seven 
years  of  his  life  he  was  much  occupied  with  efforts  for  the  ameliora- 
tion of  the  condition  of  the  working  classes ;  and  his  interest  in  those 
matters  by  which  science  connects  itself  with  social  life,  may  be 
instanced  by  some  striking  letters  on  the  subject  of  the  consumption 
of  smoke  contained  in  late  numbers  of  the  "  Mechanics^  Magazine." 
On  his  return  from  a  voyage  to  tropical  South  America  he  devoted 
much  time  to  the  preparation  of  a  work  on  the  constitution  of  salts, 
which  he  completed  and  placed  in  a  publisher's  hands  a  few  days 
before  the  accident  which  put  an  end  to  his  career. 

He  had  been  officially  invited  to  prepare  specimens  of  the  products 
he  had  extracted  from  coal  tar,  for  the  French  Exhibition  then  about 
to  be  opened.  In  carrying  out  this  purpose,  the  accidental  boiling 
over  of  the  naphtha  from  a  small  still  which  he  had  long  been  using, 
inflicted  injuries  on  his  assistant  and  set  his  own  clothes  on  fire- 
The  still  itself  was  in  flames,  and  the  only  chance  of  preventing  them 
from  extending  to  the  premises,  was  in  removing  the  whole  apparatus. 
High  courage  and  presence  of  mind  were  never  wanting  to  him.  He 
seized  the  still  in  his  hands,  and  bore  it  a  sheet  of  fire  to  the  door. 
This  he  was  unable  to  open,  and  had  to  escape  through  the  window. 
It  was  on  the  17th  of  February,  the  coldest  day  of  the  present  year; 
the  ground  was  covered  with  snow,  and  he  extinguished  the  flames 
with  which  he  was  enveloped  by  rolling  himself  upon  it.  The  thought 
of  another's  danger  now  flashed  on  his  mind,  and  he  was  with  diffi- 
culty hindered  from  re-entering  the  building  to  rescue  his  assistant  by 
a  person  who  had  come  to  his  aid.  He  did  not  escape,  however, 
without  complicating  his  injuries  by  a  violent  blow  on  the  head  whilst 
passing  through  a  low  wicker  door  leading  into  the  street.  With  his 
hands  burnt  almost  to  the  bone,  his  face  and  head  a  mass  of  injuries, 
his  countenance  unrecognisable  by  his  dearest  friends,  besides  slighter 
wounds  on  the  knees  and  feet,  he  had  to  walk  a  mile,  supported  by  a 
woman,  to  a  cab,  and  had  himself  carried  to  the  Middlesex  Hospital, 
which  he  reached  almost  in  state  of  collapse,  from  the  intensity  of  the 
cold.     There  he  terminated  his  life  after  nine  days  of  lingering  agony. 

It  would  be  wrong  to  estimate  the  man  by  what  he  had  actually 
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given  to  the  world.  He  was  cut  off  at  an  age,  when,  with  his  varied 
gifts,  it  would  have  been  easy  for  him  to  have  completed  an  ordinary 
life's  work.  He  had  proposed  to  himself  a  task  so  broad  that  the 
time  failed  him  to  do  more  than  lay  the  foundation  for  it.  How  broad 
that  foundation  was,  his  manuscript  works  and  fragments,  which  are 
mostly  preparing  for  publication,  may  possibly  show  to  the  world. 

The  following  are  the  Fellows  and  Associates  of  the  Chemical  Society 
elected  since  March  30,  1854  :— 

Aprils,  1854— A.  Kekule,  Ph.D.,  Reinhold  Hoffmann,  Ph.B., 
Associates. 

May  1. — Robt.  Railton,  Esq.,  University  College;  Patrick  Duffy, 
Belfast,  Fellows. 

May  15.— Hugo  W.  Miiller,  Ph.D.,  110,  Bunhill  Row;  Charles 
Greville   Williams,  Esq.,  3,  Oxford  Court,  Cannon   Street, 
^   Associates. 

November  6.— Robert  Mortimer  Glover,  M.D.,  F.R.S.E.,  Royal 
Free  Hospital,  Gray's  Inn  Lane;  J.  Taylor,  Esq.,  5,  Burchfield 
Terrace,  East  India  Road;  Newton  Samuelson,  Esq.,  11, 
Temple  Court,  Liverpool;  Henry  M.  Noad,  Ph.D.,  Bark 
Place,  Bayswater;  Robert  Hunt,  Jun.,  Esq.,  Government 
School  of  Mines;  Isaac  Newton  Loomis,  M.D.,  of  Macao, 
in  the  State  of  Georgia,  U.S.,  Fellows. 
Messrs.  Henry  Buff  and  Richard  Tuson,  of  St.  Bartholo- 
mew's Hospital,  Associates. 

November  20. — Mr.  James  Taylor,  Fellow. 

December  18. — John  S.  Abel,  Esq.,  Coquimbo,  Chili;  Charles 
Loudon  Bloxam,  Esq.,  King's  College;  Chas.  W.  Heaton, 
Esq.,  26,  Lime  Street;  Fletcher  Norton,  Esq.,  5,  Stanhope 
Street,  Hampstead  Road,  Fellows. 

January  15,  1855.— H.  J.  Smith,  Esq.,  B.A.,  Oxford;  Mathew 
Warton  Johnson,  Esq.;  Charles  Tookey,  Esq.,  3,  Mitre 
Street,  Claremont  Square,  Fellows. 

February  5. — Messrs.  Frederick  Stohmann  and  Frederick 
Versmann,  of  University  College,  Associates. 

March  5. — John  James  Bancroft,  Esq.,  Ruthen,  North  Wales, 
Fellow. 
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The  following  is  the  List  of  Papers  read  before  the  Chemical  Society 
from  March  30,  1854,  to  March  30,  1855  :— 

April  17,    1854. — Mr.  Frederick   Field   communicated  a  paper, 
"  On  the  Composition  of  a  Specimen  of  Atacamite  from  the 
Province  of  Copiapo,  Chili. 
May  15. — "^On  the  Occurrence  of  Ozone  and  Peroxide  of  Hydrogen 
in    the    Electrolysis    of    Sulphuric    Acid  :^'     by    Heinrich 
Meidinger. 
''  On  the  Corrosive  Action  of  Sugar  on  Iron  and  other  Metals  :'^ 
by  Dr.  J.  H.  Gladstone. 
June  19. — "Preliminary  Notice  on  the  Action  of  Ammonia  on  the 
Oils  and  Fats :''  by  J.  H.  Rowney,  Ph.D. 
"  On  the  Action  of  Iodine  on  Calomel  •/'  by  Dr.  R.  M.  Glover. 
"On   an   unexpected   Source  of  Nitrobenzol :"    by  Arthur  H. 

Church. 
"  On    the   Substitution-compounds    obtained   by  the  Action   of 
Nitric  Acid  on  Cotton :''  by  Edward  Ash  Hadow. 
November  6. — "  On  the  Analysis  of  a  Surface-Soil  from  the  Desert 

of  Atacama  :"  by  Frederick  Field. 
December  4. — "  On  the  Preparation  of  Pure  Pyroxylic  Spirit  :'^  by 

W.  Gould. 
December  18. — "  On  the  Produce  of  Barley  Sown  in  Rocks  of  various 
ages:"  by  Dr.  Daubeny. 
"  Notice  of  further  Experiments  as  to  the  Reduction  of  Metallic 
Oxides  by  Peroxide  of  Barium  :"  by  B.  C.  Brodie. 
January  15,  1855. — "On  Thermo-Electric  Joints  formed  with  the 
metals  Antimony,  Bismuth,   and  Palladium:"   by  Richard 
Adie. 
"  Investigation  of  the  Vegetable  Tallow  from  a  Chinese  Plant,  the 

'Stillingia  Sebifera:'"  by  N.  S.  Maskelyne,  M.A.,  F.G.S. 
"  On  the  Absorption  of  Chlorine  in  Water:"  by  H.  E.  Roscoe, 
B.A.,  Ph.D. 
February  5. — On  a  peculiar  Efflorescence  of  Chloride  of  Potassium  :" 
by  Robert  Warington. 
"  On  the  Prepamtion  of  the  Metals  of  the  Earths  by  Electrolysis  :" 
by  A.  Matthiessen,  Ph.D. 
February  19. — "  On  the  Thermo-Electrical   Currents  generated   in 
Elements  where  Bismuth  is  used  to  Form  the  Joint :"  by 
Richard  Adie. 
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The  Society  is  also  indebted  to  Professor  Miller,  of  King^a  Col- 
lege, for  an  able  and  interesting  discourse,  '^  On  the  Action  of 
Waters  on  Lead,^'  delivered  at  the  last  JNIeeting  of  the  Society. 

The  Council  have,  during  the  past  year,  entered  into  an  arrange- 
ment with  tiie  Royal  Society,  by  reason  of  which  the  Fellows  of  this 
Society  receive  the  "  Proceedings  of  the  Royal  Society'^  free  of  charge. 
The  Council  wish  to  record  their  sense  of  the  liberal  spirit  in  which 
the  Royal  Society,  with  a  view  to  the  diffusion  of  scientific  intelli- 
gence, has  met  their  wishes  upon  this  point. 

Several  valuable  additions  have  been  made  to  the  library  of  the 
Society ;  and  the  Council  beg  to  call  to  it  the  attention  of  Fellows  as 
a  place  of  deposit  for  curious  works  upon  Chemistry,  and  for  pamph- 
lets upon  chemical  subjects,  which,  collected,  are  of  great  interest,  but, 
separately,  are  often  of  little  or  no  value  to  the  possessor. 
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PROCEEDINGS 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


April  2,  1855. 

Dr.  Warren  De  la  Rue,  Vice-President,  in  the  Chair. 

Specimens  of  a  deposit  formed  during  the  preparation  of  extract 
of  rhubarb  were  presented  by  Mr.  George  Whipple,  accompanied 
by  a  note,  in  which  the  deposit  is  described  as  consisting  of  several 
undetermined  organic  substances,  together  with  a  considerable  pro- 
portion of  chrysophanic  acid.  The  caustic  alkalies  dissolve  the 
greater  part  of  the  deposit,  forming  intense  crimson  solutions,  which 
stain  paper  of  a  crimson  colour,  are  changed  to  yellow  by  most  acids, 
and  yield  a  crimson  lake  of  great  beauty  on  the  addition  of  alum. 
Mr.  Whipple  suggests  that  this  substance  may  admit  of  useful 
application  in  the  arts. 

A  paper  was  read  : — 

"  On  the  Chemical  Composition  of  the  Waters  of  the  Metropohs 
during  the  Autumn  and  Winter  of  1854  :"  by  Dr.  R.  D.  Thomson. 


April  16,  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

'^  Miller's  Elements  of  Chemistry  :"  from  the  President. 

"  The  Literary  Gazette  :^^  from  the  Publishers. 

"  The  Proceedings  of  the  Royal  Society:"  from  the  Society. 
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Mr.  Warington  delivered  a  discourse  "On  the  Maintenance  of  a 
Permanent  Balance  between  the  Animal  and  Vegetable  Kingdoms  in 
a  Medium  of  Fresh  or  Sea  Water." 


May  7,  1855. 
Dr.  W.  A..  Miller,  President,  in  the  Chair. 

David  Gamble,  Esq.,  and  T.  N.  Keates,  Esq.,  were  admitted 
Fellows  of  the  Society. 

William  Gould,  Esq.,  was  duly  elected  a  Fellow  of  the  Society. 

The  following  donations  were  announced : — 

^'  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 
"  The  Journal  of  the  Photographic  Society  :"  from  the  Society. 
"  The  Literary  Gazette  :"  from  the  Publishers. 
"The  Pharmaceutical  Journal :"  from  the  Editor. 

Dr.  Williamson  delivered  a  discourse  "On  certain  Processes 
recently  proposed  for  the  Decomposition  of  Fats  by  Water  at  High 
Temperatures." 


May  21,  1855. 
Dr.  G.  D.  LoNGSTAFF,  Vice-President,  in  the  Chair. 
Dr.  Noad  was  admitted  a  Fellow  of  the  Society. 
The  following  donations  were  announced  : — 

"  The  Literary  Gazette  :"  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 

Dr.  J.  H.  Gladstone  made  a  short  verbal  communication  on  the 
Influence  of  Magnetism  on  Salts  in  Solution. 

Dr.  Gilbert  delivered  a  discourse  "On  the  Chemical  Statistics'of 
the  Animal  Body."  ,  After  which, 

A  paper  was  read  : — 

"On  Platinised  Charcoal:"  by  Dr.  Stenhouse. 
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June  4,  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  :  — 

^^Tractatus  varii:"  by  Robert  Boyle.     16mo.  London,  1676. 

"  Opuscules  Chimiques  :^''  by  M.  de  Margraf.      Tomes  1  and  2, 
13mo.  Paris,  1762. 

"  Metallurgie :"    by  A.  M.   Grassin.      Tomes  1  and  2,  12mo. 
Paris,  1751. 

"Institute  de  Chymie  :'^    by  Jacques-Reinhold    Spielmann. 
Tomes  1  and  2,  12mo.  Paris,  1770. 

"Rudiments    of    Chemistry :''     by    Samuel    Parkes.       12mo. 
London,  1822. 

"An   Essay    on    Fire:*'    by   Mark   Augustus   Pictet.     12mo. 
London,  1791. 

"Elemens  de   Chimie  Pratique  :*'    by  M,   Macquer.     Tomes  1 
and  2.     12mo.  Paris,  1756. 

"Opuscules  Chimiques:"  by  Pierre  Bayen.     8vo.  Paris. 

"Philosophical  Tracts:''  by  Stephen  Hales,  D.D.,  F.R.S.     8vo. 
London,  1739. 

"Essay  on  the  Disinfecting  and  Medicinal  Chlorurets  :"  by  Thos. 
Alcock. 

"  Chimie  du  Per  :'^  by  Le  Chevalier  Herve.     8vo.  Paris,  1826. 

" Experiments  on  Bleaching :"  by  Francis   Home,  M.D.     8vo. 
Edinburgh,  1756. 

"  Chimie  Minerale  et  Analyses   de  Substances    Minerales  :"    by 
M.  P.  Berthier.     8vo.  Paris,  1835. 

"Description  of   Chemistry:"    by    J.    F.    A,    Gottling.      8vo. 
London,  1791. 

"Course  of  Chemistry :"  by  M.  Lemery.     8vo. 

"  Pyritologia ;  or,  a  History  of  the  Pyrites:"  by  J.  F.  Henckel. 
8vo.  London,  1757. 

"De  PAnalyse  des   Corps  Inorganiques  :"    by  J.J.  Berzelius. 
8vo.  Paris,  1827. 

i.  "Lectures  on  Chemistry,  read  at  Guy's   Hospital,   by  William 
Babington,  Alex.  Marcet,  and  W.  Allen."     8vo.  London,1816. 

"  Chemical  Lectures,  delivered  at  Guy's  Hospital,  by  W.Allen, 
John  Bostock,  and  Arthur  Aikin.     8vo.  London,  1822. 

"Elements  of  the  Art  of  Dyeing:"    by  M.  BerthoUet.      8vo. 
Edinburgh,  1792. 

"Recherches  sur  les  Bois  :"    by  M.  Eugene  Chevandier.     8vo. 
Paris,  1844. 
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"Elements  of  Chymistry.'^    by  M.  Macquer.     Vols.   1    and  2. 
8vo.  London,  1758. 

"  Elements  of  Chemistry  :^^  by  Joseph  Francis  Jacquin.     8vo. 
London,  1803. 

"Experiments  on  Animal   Heat:'''  by  A.  Crawford,  M.D.      8vo. 
London,  1788. 

"Experiments  in   Chemical  Philosophy :''    by  Bryan   Higgins, 
M.D.     8vo.  London,  1786. 

"A  Treatise  on  the  Nature  and  Properties  of  Air  :''    by  Tiberius 
Cavallo,  F.R.S.     4to.  London,  1781. 

"Complete   Works  on  Chemistry:"    by  J.  Eudolph   Glauber. 
Folio,  London,  1689. 

From  Dr.  Faraday. 

"  On  the  Object   of  the  Salt  Condition  of  the   Sea :"    by  E.  J. 
Chapman.     From  the  Author. 

"A  Dream  of  the  New  Museum. '^     From  Dr.  Daubeny. 

Gustav   Magnus   and    Charles    Gerhard t   were   duly   elected 
Foreign  Members  of  the  Society. 

Communications  were  read  : — 

"  On   the   Preparation    of   Strontium    and    Magnesium :''    by   A. 
Matthiessen,  Ph.D. 

"  On  the  Preparation  of  Lithium  "  by  Professor  Bun  sen. 

Dr.    Longstaff    delivered   a    discourse    "On    the   Explosion    at 
Gateshead  in  October  1854." 


June  18,  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  :— 

"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

"  The  Literary  Gazette  :"  from  the  Publishers. 

The  following  papers  were  read : — 

"  On  the  Colcur  5f  Chloride  of  Copper  in  different  states  of  Hy- 
dration :"  by  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

"  On  the  Proximate  Constitution  of  Chemical  Compounds :"  by 
John  Joseph  Griffin. 


NOTICES 

OF 

PAPERS    CONTAINED    IN    OTHER    JOURNALS. 
By  Henry  Watts,  B.A.,  E.C.S. 


Report  on  the  Supply  of  Spirit  of  Wine  Free  from  Duty,  for  Use  in  the 
Arts  and  Iflauufactures. 

By  Professors  Uraliam,  Hofinann,  and  Redwood. 

ADDRESSED  TO  THE  CHAIEMAN  OF  INLAND  EEVENUE. 

SiRj — We  have  now  the  honour  to  report  on  the  practicability  of 
supplying  for  commercial  purposes,  a  mixed  spirit  free  from  duty, 
without  injury  to  the  revenue, — a  subject  proposed  to  us  for  investi- 
gation in  your  letter  of  March  25,  in  the  following  terms  : — 

*'  The  attention  of  Government  has  for  some  time  been  directed  to 
the  importance  of  allowing  spirit  of  wine,  free  of  duty,  for  use  in 
the  arts  and  manufactures.  In  order  that  such  a  privilege  may  be 
granted  with  safety  to  the  revenue,  it  is  absolutely  necessary  that 
means  should  be  devised  by  which  such  spirit  may  first  be  rendered 
unfit  for  human  consumption.  It  is  also  indispensable — 1st.  That 
spirit,  after  being  thus  treated,  should  still  be  so  pure  as  to  be 
generally  available  for  the  purposes  to  which  it  is  applied  in  the 
arts  or  manufactures.  2nd.  That  it  should  not  be  capable  of  puri- 
fication by  any  simple  process  of  rectification  or  otherwise,  so  as 
to  be  made  palatable  by  the  addition  of  sweetening  or  flavouring 
ingredients. 

^'  It  is  also  highly  desirable,  that  while  the  mixed  spirit  should  be 
rendered  as  offensive  as  possible  to  the  taste  or  smell,  no  decidedly 
poisonous  properties  should  be  communicated. 

"  Some  preliminary  inquiries  have  been  made  into  this  subject. 
Mr.  Phillips,  one  of  our  surveying-general  examiners,  has  suggested 
a  substance  to  be  mixed  in  certain  proportions  with  spirit  which 
would  interfere  very  little  with  its  use   in  the  arts,  while  it  would 
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render  it  highly  unpalatable^  although  not  unwholesome.  Dr. 
H  of  maun,  as  you  are  aware,  has  made  a  number  of  experiments  on 
spirits  mixed  in  the  manner  suggested,  and  obtained  very  promising 
results.  It  is  therefore  desirable  that  the  subject  should  be  more 
fully  investigated. 

"  With  this  view,  your  attention  is  directed  to  the  points  already 
indicated,  viz. : — 

"  Whether  and  by  what  means,  spirit  produced  in  the  ordinary 
mode  can  be  rendered  so  offensive  to  the  taste  or  smell,  as  to  make 
it  unfit  for  human  consumption  as  a  beverage,  without  materially 
impairing  it,  either  for  the  manufacture  of  ethers,  or  as  a  solvent  of 
gum-resins,  or  for  any  of  the  purposes  in  the  arts  to  which  it  is 
usually  applied. 

^'  Whether,  and  to  what  extent,  the  mixed  spirit  would  resist  any 
process  for  its  purification,  or  might  be  so  compounded  as  to  make  it 
palatable  ? 

"  To  what  branches  of  the  arts  or  manufactures  it  would  be  safe  or 
desirable  to  limit  the  privilege  of  using  such  mixed  spirit  ? 

"  In  what  manner,  under  what  superintendence,  and  with  what 
precautions,  the  spirit  should  be  mixed  ? 

"The  Board  will  also  be  glad  to  hear  of  any  suggestions  of  a 
practical  nature,  although  not  falling  within  the  scope  of  this  com- 
mission, which  may  occur  to  you  in  the  course  of  your  investigation/' 

Of  the  volatile  substances  which  first  suggested  themselves  f.s 
proper  to  be  added  to  alcohol,  in  order  to  attain  the  object  proposed, 
the  greater  number  were  soon  eliminated  as  unsuitable,  upon  a  close 
consideration  or  actual  trial  of  their  properties. 

Sulphide  of  ethyl,  and  volatile  sulphur-compounds  analogous  to  it, 
communicate  their  repulsive  taste  and  odour  when  they  are  added  to 
alcohol,  even  in  a  proportion  so  minute  as  1  to  100,000  ;  and  are  not 
removed  from  the  alcohol  by  rectification  or  filtration  through  charcoal. 
But  the  sulphide  of  ethyl  was  easily  separated  from  the  alcohol  by 
means  of  distillation,  after  the  addition  of  a  little  alkali,  which  is 
conclusive  against  its  use. 

The  neutral  volatile  oils  or  essences  are  too  easily  removed  from 
alcohol  by  means  of  dilution  with  water  and  distillation..  The  same 
objection  applies  to  ordinary  ether  and  to  the  compound  ethers  of  all 
classes,  the  compound  ethers  being  further  readily  decomposed  by 
distillation  with  an  alkali. 

The  mixed  oils,  procured  from  wood  and  various  other  organic 
substances  by  the  a^ncy  of  destructive  distillation,  promised  better 
results.  The  liquid  distilled  from  caoutchouc,  and  known  as  Caout- 
chicene,  which  is  distinguished  by  a  powerful  and  highly  characteristic 
odour,  has  the  advantage  of  being  composed  entirely  of  neutral 
hydrocarbons,  and  is  therefore  not  likely  to  be  acted  upon  by  either 
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acids  or  alkalies.  These  hydrocarbons  are  also  of  various  degrees  of 
volatility,  some  of  them  boiling  at  a  lower  and  some  at  a  higher 
point  than  alcohol  itself,  which  must  increase  the  difficulty  of  their 
separation  from  alcohol  by  the  process  of  rectification.  For  experi- 
ments in  mixing,  caoutchicene  was  prepared  by  distilling  caoutchouc 
in  a  glass  retort,  by  a  heat  gradually  rising  to  redness.  The  oil  was 
redistilled  till  its  temperature  of  ebullition  rose  to  250°  centigrade ; 
and  the  portion  which  came  over  below  that  temperature,  amounting 
to  about  three-fifths  of  the  original  distillate,  was  alone  employed. 
The  caoutchicene  so  prepared,  when  mixed  with  a  large  proportion  of 
alcohol,  evaporates  completely  in  air,  and  when  used  as  a  solvent  of 
resins,  leaves  on  drying  an  inodorous  varnish. 

The  proportion  of  caoutchicene  which  it  was  found  most  advan- 
tageous to  use,  was  one  part  to  400  parts  of  strong  alcohol,  or 
0'25  per  cent,  of  caoutchicene.  The  spirit  used  in  all  the  ex])e- 
riments  to  be  described,  w^as  of  specific  gravity  0'828.  Such  a  mixed, 
spirit  becomes  milky  and  opaque  when  diluted  w4th  water,  but 
it  is  remarkable  that  the  caoutchicene  exhibits  no  disposition  to 
separate  as  an  oil  and  come  to  the  top,  even  when  allowed  to  stand  at 
rest  for  many  days.  Nor  was  the  oil  removed  from  the  diluted 
mixture  by  agitation  with  the  solvents  of  caoutchicene,  such  as 
benzole  and  colza  oil.  Filtration  of  the  diluted  mixture  through 
wood  charcoal  removes  the  oil  in  part,  but  the  caoutchicene  odour 
remains  seemingly  unreduced  in  intensity.  This  mixed  spirit,  when 
distilled  with  one- eighth  of  its  weight  of  potash,  still  retained  the 
taste  and  odour  of  caoutchicene  unaltered.  When  distilled  with  the 
same  proportion  of  sulphuric  acid,  the  odour  of  the  mixed  spirit  was 
slightly  modified,  but  still  remained  very  decided.  The  odour  of 
cacutcaicene  was  not  removed  from  the  mixed  spirit  by  chlorine. 

500  measures  of  this  mixed  spirit  were  diluted  with  250  measures 
of  water,  which  produced  turbidity,  and'  distilled  by  a  w^ater-bath. 
The  distillate  first  collected,  amounting  to  166  measures,  was  of 
specific  gravity  0'869 ;  it  became  turbid  by  water,  had  the  rank 
odour  of  caoutchicene,  and  was  quite  unpotable.  The  second  portion 
of  the  distillate,  amounting  to  380  measures,  of  sp.  gr.  0*888,  w^as 
less  offensive,  but  its  odour  was  still  peculiar  and  disagreeable  ;  the 
taste  of  caoutchicene  was  also  sensible  and  persistent.  This  distillate 
became  milky  with  water,  and  the  odour  was  then  more  repulsive. 
The  third  portion  of  the  distillate,  which  contained  all  that  remained 
of  the  alcohol,  amounted  to  62  measures  of  sp,  gr.  0*955 .  It  w^as 
turbid,  from  the  more  fixed  oils  having  distilled  over,  and  possessed 
the  strong  taste  and  odour  of  caoutchicene. 

The  second  distillate,  described  above  as  amounting  to  380  measures, 
of  sp.  0-888,  was  again  diluted  with  half  its  bulk  of  water,  and  re- 
distilled at  212°.  The  first  portion  of  distillate,  amounting  to  166 
measures,  of  sp.  gr.  0-893,  became  very  turbid  with  water,  and  had 
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a  highly  decided  odour  and  flavour  of  caoutehicene,  becoming  insup- 
portable on  the  tongue  after  evaporation  of  the  alcohol.  The  second 
portion  of  the  distillate^  amounting  to  177  measures,  of  sp.  gr.  0*930, 
was  still  decidedly  marked  by  the  odour  of  caoutchicene,  particularly 
on  dilution,  when  it  became  only  slightly  opalescent.  This,  which 
was  the  most  highly  purified  portion  of  the  distillate,  was  evidently  a 
spirit  which  would  not  be  saleable  as  a  beverage. 

In  another  experiment,  500  measures  of  the  mixed  spirit  containing 
caoutchicene  were  first  distilled,  and  420  measures  drawn  off.  This 
distillate  became  turbid  with  water  and  had  the  offensive  odour  of 
caoutchicene.  Mixed  with  half  its  bulk  of  water,  the  liquid  was  redis- 
tilled and  three  fractions  collected.  The  first  distillate,  amounting 
to  182  measures,  of  sp.  gr.  0*875,  became  milky  with  water,  and 
retained  the  repulsive  odour  and  taste  of  caoutchicene  in  a  striking- 
degree  of  intensity.  The  second  fraction,  amounting  to  297  measures, 
of  sp.  gr.  0*905,  became  opalescent  with  water,  and  had  a  distinct 
odour,  not  very  unpleasant,  and  a  taste  allied  to  that  of  a  minthy 
essential  oil.  The  odour  and  taste  became  more  highly  marked  on 
the  addition  of  water.  The  third  distillate,  amounting  to  288 
measures,  of  density  0*987,  and  very  aqueous,  was  offensive  in  taste 
and  odour. 

The  second  fraction  above,  which  was  the  most  highly  purified 
portion  of  the  liquid,  was  itself  submitted  to  a  new  distillation,  and 
brought  over  in  three  portions  of  sp.  gr.  0*865,  0*866,  and  0*905 
respectively.  All  of  them  retained,  a  decided  taste  and  odour  of 
caoutchicene. 

These  experiments  show  that  much  of  the  caoutchicene  in  the  mixed 
spirit  can  be  separated  by  repeated  distillations,  but  that  a  portion 
adheres  to  the  alcohol  wdth  considerable  pertinacity.  Enough  of  the 
caoutchicene  appears  to  be  retained  in  all  circumstances  to  render  the 
alcohol  unpalatable  as  a  beverage.  On  the  other  hand,  the  intense 
and  disagreeable  odour  of  spirit  so  mixed  would  considerably  limit 
its  applications.  The  odour  would  not  be  tolerated  in  dwelling- 
houses,  nor  in  shops  and  warehouses  frequented  by  the  public,  and 
the  use  of  the  mixed  spirit  would  probably  therefore  be  confined  to 
manufactories. 

Our  attention  has  been  particularly  directed  to  wood-naphtha 
(crude  pyroxylic  or  methylic  spirit)  as  the  substance  to  be  added  to 
alcohol,  by  the  previous  experiments  of  Mr.  G.  Phillips  and  of 
Dr.  Hofmann  on  the  use  of  that  liquid.  The  application  of  crude 
wood-naphtha  depends  partly  upon  the  empyreumatic  oils  which  it 
contains,  and  partly*  upon  the  methylic  spirit  and  other  substances 
miscible  with  water,  which  constitute  the  mass  of  the  liquid.  It  was 
necessary  to  examine  separately  the  influence  of  these  two  classes  of 
constituents,  and  first  of  the  empyreumatic  oils. 
:  In  one  series  of  experiments,  a  specimen  of  the  oils  which  had  been 
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separated  from  wood-spirit  in  the  process  of  purifying  that  liquid, 
was  used  as  the  flavouring  substance.  Two  per  cent  of  these  oils  were 
dissolved  in  spn-its  of  wine.  This  mixed  spirit  had  the  strong  charac- 
teristic odour  of  crude  wood-naphtha,  became  milky  when  mixed  with 
water,  and  was  highly  unpalatable. 

When  this  mixed  spirit,  without  any  addition,  was  simply  distilled 
by  the  heat  of  a  water-bath,  a  small  quantity  of  a  dark-brown  tarry 
matter  was  left  behind  in  the  retort,  and  the  proportion  of  oils  in  the 
distilled  spirit  was  greatly  reduced.  The  mixed  spirit  appeared  to  be 
further  purified  when  distilled  from  anhydrous  sulphate  of  copper, 
from  the  protosulphate  of  iron,  or  from  persulphate  of  iron.  But 
none  of  these  distillates  was  potable,  and  all  became  turbid  with  water. 
The  flavour  of  the  same  mixed  spirit  was  improved  by  distillation  with 
one-eighth  of  its  weight  of  sulphuric  acid,  but  the  liquijd  was  still  not 
potable.  When  the  last  distillate  w^as  again  rectified  from  one- 
twentieth  of  its  weight  of  potash,  the  rank  odour  of  the  oils  dis- 
appeared in  a  great  measure,  the  odour  now  retained  resembling  that 
of  benzole.  An  attempt  was  made  to  remove  the  odour  last  described, 
by  diluting  the  liquid  with  w^ater,  and  passing  it  in  the  state  of 
vapour  over  animal  charcoal ;  but  the  liquid  still  retained  the  benzole 
odour,  and  was  precipitated  by  water. 

The  greatest  amount  of  purification  was  obtained  by  distillation  from 
potash  or  lime,  the  alkali  keeping  back  the  creosote  ;  but  the  mixed 
spirit  still  retained  the  tarry  smell  of  benzole,  and  w^as  turbid  with 
water.  When  the  mixed  spirit  so  far  purified  by  means  of  alkali  was 
diluted  with  water  and  again  distilled,  the  first  half  of  the  new  distil- 
late was  turbid  with  water,  and  even  formed  a  layer  of  oil  on  the 
surface.  But  the  second  half  of  the  distillate  did  not  become  turbid 
with  water,  showing  that  the  benzole  product  comes  off  first.  This 
last  portion  of  the  alcohol  appearing  to  be  restored  to  a  fair  degree  of 
purity,  it  became  doubtful  w^hether  much  dependence  could  be  placed 
upon  the  oils  of  wood-naphtha,  for  the  purpose  of  mixing,  apart  from 
the  methylic  spirit  of  the  naphtha.  An  experiment  was  made  with 
pure  benzole  itself,  mixed  in  the  proportion  of  one  part  of  benzole  to 
ninety-nine  parts  of  strong  alcohol.  A  considerable  portion  of  benzole 
was  separated  from  this  mixture  by  dilution  with  water,  the  benzole 
forming  an  oily  film  on  the  surface  of  the  liquid.  The  liquid,  how- 
ever, continued  milky,  and  retained  a  strong  odour  of  benzole.  When 
this  mixed  spirit  was  diluted  with  three  times  its  volume  of  water,  and 
slowly  rectified,  the  first  part  of  the  distillate  contained  much  benzole, 
and  became  milky  with  water ;  while  the  second  half  of  the  distillate 
did  not  become  turbid  with  water,  and  appeared  to  contain  very  little 
benzole.  This  result  affords  a  very  strong  presumption  that  benzole 
is  removable  by  rectification  from  alcohol  when  diluted  with  water. 

Three  additional  and  still  more  extensive  series  of  experiments  were 
made  by  means  of  different  varieties  of  crude  w^ood-naphtha,  as  this 
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substance  varies  considerably  in  composition.  Two  of  the  varieties 
were  procured  from  Messrs.  Turnbull  and  Co.,  of  Glasgow,  one  of 
which  vyas  described  as  "of  full  strength,  but  concentrated  without 
destroying  the  oils  ;^'  the  other  described  as  taken  "  at  an  earlier 
stage  of  the  process,  half  strength,  and  containing  more  oils  than  the 
last.^^  The  third  material  operated  upon  was  a  mixture  of  strong 
alcohol  with  five  per  cent  of  crude  naphtha,  prepared  at  the  laboratory 
of  Inland  Revenue  by  Mr.  Phillips.  But  after  what  has  been 
already  said  it  is  unnecessary  to  enter  into  the  details  of  these  experi- 
ments, as  the  results  were  similar  to  the  first  series.  The  oils  were  in 
a  great  measure  removed  from  the  mixed  spirit  by  simple  distillation, 
or  by  distillation  from  potash,  and  the  distilled  spirit  was  chiefly 
characterised  by  the  taste  and  comparatively  mild  odour  of  methylic 
spirit  or  pure  wood-spirit.  The  specimens  became  as  little  offensive 
as  alcohol  mixed  with  Turnbull^s  purified  wood-naphtha;  and  there 
appeared,  therefore,  to  be  no  great  advantage  in  using  the  crude 
naphtha  for  mixing  in  preference  to  a  purer  wood-spirit.  The 
question  reduced  itself  to  the  applicability  of  pure  wood-naphtha  for 
the  object  in  view. 

The  wood-naphtha  hereafter  used  for  mixing  with  alcohol  was  of 
the  comparatively  pure  quality  in  which  it  is  supplied  to  the  public 
by  Messrs.  Turnbull  and  Co.,  at  the  price  of  85.  6d.  per  gallon. 
This  wood-naphtha  was  nearly  colourless ;  it  mixed  with  water  without 
becoming  turbid  in  the  least  degree,  and  contained  no  more  than  a 
small  trace  of  the  oils  which  give  a  rank  and  repulsive  odour  to  many 
specimens  of  wood-naphtha.  The  odour  of  this  purified  wood- 
naphtha  was  not  disagreeable,  although  well  marked  and  characteristic, 
being  due  principally  to  methylic  spirit.  The  specific  gravity  of  this 
naphtha  was  0-815,  and  its  boiling  point  151°  F.  When  thoroughly 
dehydrated  by  being  distilled  three  times  from  half  its  weight  of 
anhydrous  sulphate  of  copper,  one  gallon  of  the  liquid  gave  by  frac- 
tional distillation  the  following  series  of  liquids,  each  amounting  to 
about  a  pint : — 

1st  distillate  of  sp.  gr.  0*8067;  boiling  point  148-6°  F. 

2nd         „  , 

3rd 

4th 

5th         „ 

6th 

T'th 

8th         „        .     ,^ 

Fractions  1  and  2  distilled  again  together  from  anhydrous  sulphate 
of  copper,  retained  the  low  boiling  point  143"5°,  and  had  the  mean 
density  0*8057,  which  is  a  liquid  possessing  the  lowest  boiling  point 
that  has  been  assigned  to  methylic  spirit,  but  with  a  somewhat  higher 


0-8047 

143-3° 

0-8031 

146-5° 

0-8028 

146-5° 

0-8016 

148° 

0-8008 

150° 

0-8009 

151° 

0-8015 

151° 
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specific  gravity,  the  specific  gravity  of  pure  methylic  spirit  being 
about  0*800.  None  of  the  fractional  portions  appears  to  be  a  single 
substance.  The  methylic  spirit  is  probably  accompanied  in  the  earlier 
fractions  with  acetone  of  sp.  gr.  0*792  and  boiling  at  132*8°,  and 
acetate  of  methyl  of  sp.  gr.  0*908  and  boiling  at  144° ;  while  some 
third  liquid,  of  which  the  nature  is  unknown,  must  be  present  to 
impart  the  high  boiling  point  combined  with  a  low  specific  gravity 
which  distinguishes  the  later  fractions  of  the  distillate. 

The  presence  of  five  per  cent,  of  this  purified  wood-naphtha  in  strong 
alcohol  is  easily  recognised  by  its  taste  and  odour,  and  is  more  than 
sufficient  to  render  spirit  unsaleable  as  a  beverage,  as  has  been  ascer- 
tained upon  good  authority.  At  the  same  time  the  odour  of  the 
mixed  spirit  on  evaporating  in  air  is  by  no  means  off'ensive.  In 
solvent  power  such  a  mixed  spirit  is  undistinguishable  from  pure 
alcohol ;  and  varnishes  made  by  means  of  it  dry  readily  and  acquire 
no  odour  or  peculiar  character  from  the  menstruum.  Farther,  no 
practicable  means  of  separating  the  methylic  spirit  again  and  recover- 
ing the  spirit  of  wine  in  a  state  of  purity  and  suitable  as  a  beverage, 
appear  to  exist ;  while  the  substance  which  destroys  the  potability 
of  the  mixed  spirit,  without  impairing  its  value  for  many  useful 
purposes,  is  not  itself  poisonous  or  unwholesome, — wood- naphtha,  as 
is  well  known,  having  been  used  to  some  extent  in  medicine.  The 
purified  wood-naphtha  appears  indeed  to  be  singularly  well  adapted 
for  the  preparation  of  a  mixed  spirit  such  as  the  Government  desires 
to  supply  duty-free  to  manufacturers.  At  the  same  time,  a  mixed 
spirit  containing  ten  per  cent,  of  the  purified  wood-naphtha  appears  to 
be  preferable  to  a  five  per  cent,  mixture,  from  the  greater  facility  of 
recognising  the  wood-naphtha  in  the  larger  proportion,  particularly 
when  disguised  by  the  presence  of  othei-  volatile  and  odorous  substances. 
A  ten  per  cent,  mixture  might  therefore  be  issued  in  the  first  instance, 
and  the  proportion  of  wood-naphtha  be  reduced  at  a  later  period,  if  it 
was  found  that  the  change  could  be  made  with  safety  to  the  revenue. 
It  is  accordingly  a  ten  per  cent,  mixture  which  we  have  had  tested  for 
the  various  useful  applications  of  alcohol,  because  if  this  mixture 
was  found  to  meet  the  requirements  of  trade,  the  suitability  for  the 
same  purpose  of  any  mixture  containing  a  less  proportion  of  wood- 
naphtha  might  be  easily  assumed. 

Although  wood-naphtha  (methylic  spirit)  and  alcohol  are  of  unequal 
volatility,  there  being  a  difference  of  about  thirty  degrees  between 
their  boiling  points,  yet  no  sensible  separation  of  these  liquids  can  be 
effected  by  distillation.  Both  the  five  and  ten  per  cent,  mixtures 
described  were  submitted  to  fractional  distillation  ;  but  wood-naphtha 
was  found  in  all  the  fractions.  Even  the  last  eighth  portion  of  the 
five  per  cent,  mixture,  which  was  not  distilled  over,  but  was  left 
behind  in  the  retort,  contained  abundance  of  Wood-naphtha,  the  more 
volatile  constituent.     In  another  experiment,  to  be  described  in  the 
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sequel,  rectification  repeated  several  times  failed  equally  to  eliminate 
the  smallest  portion  of  pure  methylic  spirit  from  the  mixed  spirit. 
The  reason  of  this  is,  that  alcohol  which  boils  at  the  higher  temperature 
has  a  denser  vapour  than  methyhc  spirit,  in  the  proportion  of  1-600 
to  1'125.  The  less  volume  of  alcohol  vapour  which  distils  over  at  the 
boiling  point  of  the  mixed  spirit  is  compensated  for  by  the  greater 
weight  of  that  vapour,  so  that  the  proportion  between  the  constituents 
of  the  mixed  spirit  appears  to  be  little,  if  at  all,  disturbed  during  the 
progress  of  the  distillation. 

The  similarity  in  chemical  constitution  of  methylic  spirit  and 
spirit  of  wine,  both  being  alcohols,  is  attended  with  a  remarkable 
analogy  in  properties  between  the  two  substances,  which  appears  to 
render  their  separation  by  chemical  means  also  a  problem  of  great,  if 
not  insuperable,  difficulty. 

Methylic  spirit  forms  a  solid  crystalline  compound  with  chloride  of 
calcium, — a  property  which  is  taken  advantage  of  in  purifying  methylic 
spirit,  for  scientific  purposes,  from  the  other  liquids  by  which  it  is 
accompanied  in  wood-naphtha.  Our  mixed  spirit  being  first  carefully 
dehydrated  by  means  of  sulphate  of  copper,  and  reduced  to  a  specific 
gravity  of  0*801,  was  then  mixed  with  chloride  of  calcium,  in  excess, 
so  as  to  form  a  thin  paste,  and  distilled  by  a.  water-bath  heat. 
Methylic  spirit  was  easily  discernible  by  its  odour  in  the  distillate 
which  came  over  ;  so  that  the  presence  of  ordinary  alcohol  in  a  large 
relative  proportion  appears  to  prevent  the  combination  of  methylic 
alcohol  with  chloride  of  calcium,  or  to  decompose  such  a  compound 
when  formed :  for  ordinary  alcohol,  as  well  as  methylic  alcohol,  has 
a  considerable  affinity  for  the  salt  in  question.  When  water  was  sub- 
sequently added  to  the  chloride  of  calcium  nearly  dry  in  the  retort, 
and  the  heat  renewed,  a  liquid  came  over  which  possessed  a  peculiar 
and  disagreeable  odour,  but  appeared  to  be  chiefly  composed  of 
ordinary  alcohol.  This  liquid  should  have  been  methylic  spirit  if  the 
experiment  of  separation  had  been  successful. 

The  attempt  was  also  made  to  purify  the  alcohol  of  our  mixed 
spirit  from  its  accompanying  methylic  spirit,  by  passing  the  vapour  of 
the  two  liquids  through  a  long  glass  tube  containing  fragments  of 
chloride  of  calcium,  which  was  kept  at  a  temperature  of  212°  during 
the  experiment.  No  absorption,  however,  of  the  methylic  spirit  by 
the  chloride  of  calcium  occurred,  but  the  salt  remained  unaltered,  and 
the  alcohol  distilled  over  and  condensed  with  its  original  proportion 
of  methylic  spirit. 

Several  experiments«were  also  made  on  the  oxidation  of  the  mixed 
spirit  by  means  of  various  proportions  of  the  mixture  of  bichromate 
of  potash  and  sulphuric  acid,  with  the  view  of  oxidising  and  removing 
the  methylic  spirit ;  but  without  success.  The  oxidation  products  were 
acetic  acid  and  formic  acid,  accompanied  by  much  aldehyde,  and  indi- 
cated the  decomposition  of  the  alcohol  as  well  as  of  the  methylic  spirit. 
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Sulphuric  acid  is  very  useful  for  discovering  the  presence  of  common 
alcohol  when  mixed  with  wood-spirit,  from  the  ready  production  of 
ordinary  sulphuric  ether.  But  for  the  converse  problem  of  separating 
a  small  proportion  of  wood-spirit  from  a  large  proportion  of  alcohol, 
sulphuric  acid  appeared  to  be  wholly  inapplicable. 

Oxalic  acid  employed  to  etherise  the  mixed  spirit  seemed  at  first  to 
promise  better  results,  as  the  methylic  oxalic  ether  appeared  to  form 
more  easily  than  the  corresponding  ethylic  ether.  After  the  cohoba- 
tion  of  the  dehydrated  mixed  spirit  with  oxalic  acid  for  several  hours, 
the  liquid  which  came  over  on  distilling,  was  alcohol  with  the  propor- 
tion of  methylic  spirit  apparently  considerably  reduced.  This  alcohol 
always  contained  portions  of  the  oxalic  ethers,  and  was  liable  to 
become  acid  from  the  gradual  decomposition  of  these  ethers.  The 
flavour  of  the  methylic  spirit,  which  is  at  first  covered  by  the  rum-like 
flavour  of  these  ethers,  would  no  doubt  come  out  with  time,  and  prove, 
as  usual,  highly  disagreeable.  No  economical  process  for  the  purifi- 
cation of  the  mixed  spirit  could,  we  believe,  be  founded  on  the  action 
of  oxalic  acid. 

The  conclusion  from  much  investigation  is,  that  the  removal  of 
wood-naphtha  from  the  ten  per  cent,  mixed  spirit,  and  the  restoration 
of  its  potability  by  any  simple  and  economical  process,  is  a  most  un- 
likely occurrence.  We  apprehend  no  danger  whatever  to  the  revenue 
from  this  source.  The  mixture  of  spirits  of  wine  with  ten  per  cent, 
of  purified  wood-naphtha  or  methylic  spirit,  which  we  commend, 
may  be  designated  methylaied  spirit  for  convenience. 

The  quantity  of  wood-naphtha  w^hich  can  be  commanded  appears  to 
be  amply  sufficient  for  the  new  contemplated  application  of  that  sub- 
stance. We  are  indebted  to  Mr.  John  Turnbull  for  his  valuable 
opinion  on  this  point.  "  My  calculation  regarding  wood-spirit,"  that 
gentleman  states,  "  is  a  produce  of  two  gallons  and  a  half  from  a  ton 
of  average  dry  wood,  and  the  production  of  the  United  Kingdom 
amounts  annually  to  66,000  gallons.  This  I  take  as  the  proceeds  of 
nineteen  manufacturers  of  pyroligneous  acid :  although  you  must  re- 
ceive it  as  a  rough  guess,  still  I  believe  it  is  not  very  far  from  the 
truth."  Much  wood-naphtha  is  also  attracted  to  this  country  from 
the  continent,  owing  to  the  high  price  which  that  liquid  obtains  here 
as  a  substitute  for  alcohol. 

We  have  been  favoured  with  the  opinion  of  Mr.  G.  Smith,  of 
Whitechapel,  one  of  the  most  extensive  London  distillers,  on  the 
application  of  our  methylated  spirit  as  a  beverage.  He  pronounces  the 
methylated  spirit  to  be  quite  unfit  for  the  use  of  the  rectifier.  He 
believes  also  that  publicans  w'ould  never  use  such  a  spirit  for  mixing 
with  their  hquors,  even  in  a  small  proportion.  A  mixture  of  gin 
with  one-eighth  part  of  the  methylated  spirit  was  found  to  be 
nauseous  and  unpalatable.  In  gin  mixed  with  one-sixteenth  of  me- 
thylated spirit,  the  flavour  of  the  latter  was  still  very  strongly  marked. 
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In  gill  with  one  part  of  methylated  spirit  in  thirty-two,  the  flavour  of 
the  methyUc  spirit  became  faint,  but  it  was  still  perceptible  in  a  mix- 
ture of  one  to  sixty-four.  The  largest  proportion  of  the  methylated 
spirit  which  it  was  thought  a  publican  might  venture  upon  adding  to 
his  gin  was  one  in  thirty-two.  Now,  the  saving  to  him  would  be  the 
same  fraction  of  the  spirit  duty,  or  proportion  of  6s.  2d.  per  gallon, 
the  duty  on  spirits  of  the  strength  of  gin — that  is,  a  proHt  of  25 d. 
per  gallon.  80  small  a  profit  v>'ould  be  no  compensation  for  the 
deterioration  in  the  quality  of  the  gin.  The  disagreeable  odour  of  the 
methylic  spirit  is  brought  out  strongly  on  mixing  the  gin  with  hot 
water. 

Tlie  consumption  of  sweetened  and  hig•hly-fla^  oured  cordials  appears 
to  be  greatly  inferior  to  that  of  gin  ;  a  publican  in  large  business,  who 
may  retail  1200  gallons  of  gin  per  month,  not  disposing  of  more  than 
ten  or  twelve  gallons  of  cordials  in  the  same  time.  The  substances 
chiefly  used  in  flavouring  cordials  are  caraway,  cloves,  and  aniseed. 
The  methylated  spirit  could  not  be  used  for  any  of  these  liquors. 
Indeed,  from  their  being  generally  made  use  of  to  give  an  extempore 
flavour  to  gin  at  the  option  of  the  customer,  more  than  usual  atten- 
tion must  be  paid  to  their  own  purity  of  flavour. 

The  flavour  of  brandy  is  too  delicate  to  be  tampered  with,  by  the 
addition  of  the  smallest  proportion  of  methylated  spirit.  Tlie  addition 
of  th*.'  latter  substance  to  whisky  would  require  to  be  guarded  against, 
from  the  predilection  of  the  consumers  of  that  spirit  for  a  smoky 
flavour.  An  experiment  has  been  related  to  us  in  which  methylic 
spirit  was  employed  for  the  sake  of  its  fla\our  by  a  Scotch  distiller, 
and  mixed  wdth  spirits  in  the  minute  proportion  of  one  gallon  to  1000 
gallons.  The  flavour,  although  not  objected  to  in  the  whisky  when 
newly  mixed,  became  rank  and  disagreeable  in  the  course  of  two 
months.  The  mixing  of  methylated  spirit  with  that  low  quality  of 
ruin  known  as  Leeward  Islands  rum,  is  also  to  be  apprehended,  from 
the  great  impurity  of  that  spirit,  which  would  render  any  additional 
contamination  less  obvious  to  the  palate.  But  when  the  liquid  is 
deliberately  examined,  the  presence  of  methylic  spirit  could  not  escape 
detection. 

Strong  alcohol  of  not  more  than  0*830  specific  gravity  should  be 
employed  as  the  basis  of  the  methylated  spirit.  As  the  uniformity  in 
quality  of  the  wood-najditha  employed  for  mixing  is  important,  it 
should  be  approved  of  by  the  Excise,  and  also  added  to  the  spirit 
under  the  inspection  of  an  excise  oflicer.  It  appears  to  us  that  it 
would  be  proper  to  ^ix  the  spirit  in  the  distillery,  and  to  declare 
illegal  the  possession  of  the  methylated  spirit  by  a  rectifier  or 
publican.  The  retail  sale  of  the  methylated  spirit  would  then  fall 
into  the  hands  of  oilmen  and  druggists,  who  would  be  supplied 
directly  by  the  distiller,  or  through  the  agency  of  a  wholesale  druggist 
or  drysalter. 

VOL.  VIII. NO.  XXX.  K 


130  PROFESSORS  GRAHAM,  HOFMANN,  AND   REDWOOD  ON 

Although  it  appears  scarcely  probable  that  the  methylated  spirit 
will  ever  find  its  way  into  public-houses,  it  is,  nevertheless,  desirable 
to  possess  means  by  which,  in  cases  of  misapplication,  the  presence  of 
wood-naphtha  could  be  readily  detected  and  proved  in  the  suspected 
liquid.  The  methylated  spirit  which  was  operated  upon  consisted 
of  ninety  measures  of  spirits  of  wine,  of  density  (J*828,  mixed  with  ten 
measures  of  wood-spirit  of  density  0*815,  and  had  a  density  of  0*8'23,  as 
has  been  alreated  stated,  and  boiled  about  170°.  When  the  methylated 
spirit  was  deprived  of  all  water,  by  distillation  from  anhydrous 
sulphate  of  copper,  it  boiled  at  169°.  These  temperatures  are  both 
very  sensibly  under  172°'5,  the  lowest  temperature  at  which  absolute 
alcohol  or  any  mixture  of  pure  alcohol  and  water  can  boil.  The 
possession  by  a  sample  of  spirits  of  a  lower  boiling  point  than  the  last, 
would  indicate  sophistication,  particularly  if  the  low  boiling  point  was 
retained  after  rectification  of  the  spirits  from  sulphate  of  copper,  and 
the  fact  would  suggest  the  existence  of  wood-naphtha  in  the  spirits. 

The  attempt  to  identify  wood-naphtha  in  spirits  by  means  of 
chemical  tests,  must  obviously  be  attended  with  great  difficulties  ;  for 
the  very  applicability  of  wood-naphtha  for  the  purpose  of  producing 
an  unpotable  mixture  which  can  be  given  to  the  public  without  fear  of 
endangering  the  revenue,  excludes  the  possibility  of  an  easy  separation 
of  the  two  substances  ;  and  it  may  be  at  once  stated  that  the  experi- 
ments made  with  the  view  of  finding  an  efficient  chemical  process  for 
the  identification  of  methylic  spirit  have  been  unsuccessful,  and 
deserve  to  be  noticed  chiefly  as  affording  additional  illustrations  of 
the  safety  of  the  mixture  which  is  proposed.  Fortunately,  methylic 
spirit,  even  when  highly  purified,*  so  as  to  become  deprived  of  all  the 
tarry  and  empyreumatic  smell  which  it  generally  exhibits,  possesses 
so  characteristic  and  persistent  an  odour  and  taste,  that  after  a  little 
experience  it  is  not  difficult  to  detect  its  existence,  even  when  it  is 
highly  diluted  or  masked  by  the  presence  of  other  flavours. 

Among  the  properties  of  the  two  alcohols  on  which  possibly  a 
separation  might  be  founded,  the  different  volatility  of  the  two  liquids 
at  once  suggested  itself:  absolute  boiling  alcohol  at  173°Fahr.,  whilst 
absolute  methylic  spirit  boils  at  143°  Fahr.  In  order  to  test  this 
process,  half  a  gallon  of  the  methylated  spirit  was  submitted  to  distil- 
lation at  a  comparatively  low  temperature,  and  in  an  apparatus  which 
allowed  the  less  volatile  liquid  to  condense.  The  first  quart  which 
passed  over  was  again  distilled,  the  first  part  being  collected  apart,  and 
so  on,  until  at  last  one-sixteenth  of  the  original  bulk  of  the  liquid 
was  obtained  as  the  most  volatile  portion.  This  liquid  was  repeatedly 
distilled  over  anhydrous  Sulphate  of  copper  to  remove  any  water  which 
it  might  retain;  it  was  found  to  boil  between  168° and  169°,  showing 

*  By  conversion  into  methyl-oxalate,  decomposing  tins  substance  by  ammonia, 
concentrating  the  reproduced  spirit,  and  rectifying  over  anhydrous  sulphate  of  copper, 
which  retains  also  the  ammonia. 
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that  the  raethylic  spirit  had  been  scarcely  concentrated  by  this  process. 
This  fact,  which  at  the  first  glance  appears  contrary  to  general  expe- 
rience, has  been  already  explained ;  it  is  due,  to  a  certain  extent,  to 
the  difference  of  the  vapour-densities  of  the  two  alcohols ;  for  it  is 
obvious  that  the  smaller  amount  of  alcohol- vapour  which  forms  during 
distillation,  on  account  of  the  higher  boiling  point  of  alcohol,  must  be 
compensated  within  certain  limits  by  the  greater  weight  this  vapour 
possesses  when  compared  with  that  of  an  equal  bulk  of  methylic  spirit 
vapour. 

The  isolation  of  the  methylic  spirit  by  a  series  of  fractional  distil- 
lations having  proved  impossible,  the  mixture  was  now  boiled  for 
several  hours  with  dehydrated  oxalic  acid,  in  order  to  produce  the 
oxalates  of  methyl  and  ethyl.  The  difference  in  the  boiling  point  of 
the  two  ethers  (363°  — 321=42°)  is  not  much  greater  than  that 
which  is  observed  with  the  alcohols  from  which  they  are  derived. 
Oxalate  of  methyl  being  at  the  common  temperature  a  solid  crystalline 
substance,  while  oxalate  of  ethyl  (true  oxalic  ether)  is  a  liquid,  it  was 
hoped  that  the  fractionation  of  the  mixture  of  the  two  ethers  might  be 
more  successful,  and  that  by  repeated  distillation  at  last  a  product 
might  be  obtained  in  which  the  more  volatile  methyl-oxalic  ether 
should  predominate  to  such  an  extent  as  to  crystallise.  Experiment, 
however,  showed  that  the  presence  even  of  a  minute  quantity  of  the 
former  ether  prevents  the  latter  from  assuming  the  solid  form. 

In  studying  the  action  of  oxalic  acid  upon  the  methylic  spirit,  it 
had  been  observed  that  if  a  smaller  amount  of  oxalic  acid  be  used  than 
is  necessary  for  the  etherisation  of  the  entire  quantity  of  the  mixture, 
the  methylic  spirit  appeared  to  be  converted  into  ether  with  greater 
facility  than  the  alcohol.  Experiments  were  accordingly  made  with 
the  view  of  isolating  the  methylic  spirit  by  means  of  this  reaction. 
The  mixture  was  partially  etherised  by  oxalic  acid,  and  then  submitted 
to  distillation  in  order  to  separate  the  alcohol  which  had  not  been 
acted  upon  by  the  acid.  The  residuary  liquid,  consisting  chiefly  of 
methyl-oxalic  ether,  was  decomposed  by  distillation  with  water.  The 
reproduced  spirit  certainly  contained  a  larger  amount  of  methylic 
spirit  than  the  original  mixture ;  nevertheless  the  quantity  of  alcohol 
which  it  retained  was  so  considerable  that  the  advantages  gained  by 
the  process  did  not  appear  to  be  in  proportion  to  the  amount  of  time 
and  labour  which  its  practice  requires.  A  further  concentration 
might  he  obtained  by  a  repetition  of  the  process;  but  this  would 
render  it  so  tedious  and  troublesome  an  operation  as  to  preclude  the 
possibility  of  using  it  ^s  a  routine  test  for  the  purpose  of  recognising 
the  presence  of  methylic  spirit  in  a  suspected  liquid,  although  the 
process  might  be  available  for  identifying  and  isolating  that  substance 
in  cases  of  dispute. 

Under  the  influence  of  oxidising  agents,  methylic  spirit  furnishes, 
together  with  other  products,  a   considerable  amount  of  formic  acid, 
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whilst  alcohol  under  these  ch'cumstances  yields  principally  acetic 
acid.  Formic  and  acetic  acids,  although  closely  allied  in  composition 
and  general  characters,  still  offer  a  greater  number  of  points  of  diffe- 
rence than  the  two  alcohols  which  they  represent.  Formic  acid  may 
be  readily  distinguished  from  acetic  acid  by  the  facility  with  which 
the  former  precipitates  the  metals  from  the  solutions  of  the  more 
easily  reducible  metallic  oxides,  such  as  oxide  of  silver  or  oxide  of 
mercury,  which  are  not  affected  by  acetic  acid.  Unfortunately  this 
method  of  testing  became  inapplicable,  since  it  was  found  ihat  alcohol 
free  from  methylic  spirit,  when  submitted  to  the  action  of  oxidising 
agents,  invariably  yields,  in  addition  to  aldehyde,  which  can  be 
resinified  and  removed  by  potash,  a  small  quantity  of  formic  acid;  so 
that  the  presence  of  formic  acid  among  the  products  of  oxidation  of 
a  suspected  liquid  cannot  with  certainty  be  regarded  as  an  evidence  of 
the  existence  of  methylic  spirit  in  the  original  liquid. 

It  is  well  known  that  ordinary  alcohol,  when  heated  with  an  excess 
of  concentrated  sulphuric  acid,  furnishes,  in  addition  to  sulphurous 
acid,  a  considerable  amount  of  olefiant  gas.  Methylic  spirit,  under 
the  same  circumstances,  gives  rise  to  the  formation  of  a  heavy  oily 
liquid,  which  is  insoluble  in  water,  and  consists  chiefly  of  the  neutral 
sulphate  of  methyl.  The  same  liquid  was  obtained,  together  with 
olefiant  gas  and  sulphurous  acid,  when  the  methylated  spirit  w^as  dis- 
tilled with  eight  or  ten  times  its  weight  of  concentrated  sulphuric 
acid.  But  on  careful  examination,  it  was  found  that  alcohol  alone, 
v^'hen  submitted  to  similar  treatment,  yields  likewise,  in  addition  to 
olefiant  gas,  the  chief  product  of  the  reaction,  a  small  quantity  of  oily 
products  (heavy  oil  of  wine,  &c.)  ;  so  that  the  production  of  an  oily 
substance  from  a  suspected  liquid  by  the  action  of  an  excess  of  sul- 
phuric acid  ceases  to  be  an  indication  of  the  presence  of  methylic 
spirit  in  such  liquid. 

The  action  of  sulphuric  acid  upon  the  two  alcohols  produces  a  very 
different  result  if  the  latter  are  in  excess.  Alcohol  and  methylic  spirit 
under  these  circumstances  exhibit  the  same  deportment,  the  former 
yielding  ether  (common  sulphuric  ether),  while  the  latter  is  converted 
into  methyl-ether.  It  is,  however,  well  known  that  the  etherisation 
of  common  alcohol  proceeds  with  far  greater  ease  than  that  of  me- 
thyhc  spirit.  Accordingly,  the  methylated  spirit  was  submitted  to  the 
ordinary  continuous  etherisation-process  (ten  parts  of  wood-spirit 
being  successively  exposed  to  one  part  of  sulphuric  acid).  It  was 
expected  that  after  the  evolution  of  the  ether  capable  of  being  formed 
under  these  circumstances,  the  methylic  spirit  would  remain  behind 
as  sulphomethylic  acid.  But  the  residue,  neutralised  with  lime  and 
distilled  with  water,  or  with  solution  of  potash,  furnished  no  spirit, 
but  an  aqueous  liquid  in  which  no  methylic  spirit  could  be  detected. 

When  anhydrous  baryta  is  dissolved  in  dehydrated  methylic  spirit, 
a  combination  is  formed,  which  crystallises  in  lustrous  needles,  and 
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consists  of  equal  equivalents  of  methylic  spirit  and  baryta.  This 
substance  was  found  to  resist  the  action  of  water ;  even  when  boiled 
with  water,  it  gave  up  no  methylic  spirit.  It  was  possible  that 
alcohol  might  differ  in  this  respect ;  but  although  no  crystals  were 
observed,  nevertheless  a  similar  compound,  with  analogous  properties, 
appeared  to  be  formed,  a  solution  of  anhydrous  baryta  in  abso- 
lute alcohol,  when  distilled  with  water,  yielding  scarcely  a  trace  of 
alcohol. 

Lastly,  a  few  experiments  were  made  with  the  view  of  establishing 
the  presence  of  methylic  spirit  in  alcoholic  mixtures  by  the  dark 
yellowish-brown  colour  wood-spirit  assumes  when  left  for  some  time 
in  contact  with  either  solid  hydrate  of  potash  or  soda.  But  it  was 
found  that  the  brown  colour  assumed  by  methylic  spirit  was  only 
little  more  intense  than  that  which  alcohol  shows  when  similarly 
treated.  Moreover,  it  seems  to  be  cliietly  due  to  the  impurities,  the 
colouration  becoming  less  and  less  marked  the  greater  the  care 
bestowed  upon  the  purification  of  the  methylic  spirit ;  the  pure 
methylic  spirit  obtained  by  decomposing  methyl-oxalic  ether  show- 
ing, within  a  moderate  time,  no  colouration  whatever,  either  whei; 
left  in  contact  in  the  cold,  or  when  boiled  with  solid  hydrate  ol 
potash  or  soda. 

The  principal  uses  to  which  spirit  of  wine  is,  or  may  be,  applied, 
independently  of  its  use  as  a  beverage,  appear  to  be  the  following :  — 

As  a  solvent  of  resinous  substances,  which,  when  thus  dissolved, 
are  used  in  the  manufacture  of  hats,  and  otherwise  as  varnishes.  As 
a  solvent  employed  in  the  manufacture  of  many  chemical  preparations, 
including  the  alkaloids  and  other  organic  products,  which  are  prin- 
cipally used  in  medicine.  For  the  production  of  ether,  chloroform, 
sweet  spirit  of  nitre,  and  fulminating  mercury.  For  burning  in 
spirit-lamps  as  a  source  of  heat,  and  for  mixmg  with  oil  of  tur- 
pentine or  other  hydrocarbons  for  burning  in  lamps  as  a  source  of  light. 
As  a  solvent  and  menstruum  for  administering  the  active  constituents 
of  animal  and  vegetable  substances  used  in  medicine  in  the  form  of 
tincture,  spirit,  &c.  As  a  solvent  of  esstuitial  oils  and  other  odorous 
substances  used  in  perfumery. 

1.  Spirit  of  wine  is  largely  used  for  dissolving  the  resins  employed 
by  hatters  and  varnish-makers. 

In  the  manufacture  of  hats,  shellac,  dissolved  either  in  spirit  of 
wine  or  in  impure  methylic  spirit  (known  as  wood-naphtha),  is  used 
for  giving  stiffness  a»d  elasticity  to  the  felt  or  other  foundation  of 
the  hat,  and  for  causing  the  adhesion  of  the  nap.  When  wood- 
naphtha  is  used  for  this  purpose,  it  is  necessary  to  make  a  selection 
of  those  commercial  samples  which  are  found  to  be  most  suitable. 
Some  varieties  of  wood-naphtha  are  imperfect  solvents  of  the  resins, 
and  are  therefore  inapplicable  for  the  purpose  ;  but  even  among  those 
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samples  which  freely  dissolve  the  resins,  there  is  much  difference  iu 
quality,  commercial  methylic  spirit  being  always  a  mixed  and  very 
variable  product,  some  of  the  constituents  of  which  exert  an  injurious 
effect  in  the  varnishes  made  with  it.  Spirit  of  wine  is  preferred 
to  wood-naphtha  for  hat-making,  being,  in  the  state  in  which  it  is 
met  with  in  commerce,  more  uniform  in  quality,  and  less  contami- 
nated with  foreign  matters.  Hatters  state  that  when  the  felt  has 
been  stiffened  with  shellac  dissolved  in  spirit  of  wine,  the  felt  retains 
its  elasticity  after  it  has  been  dried  and  hardened,  without  being  much 
affected  by  atmospheric  changes  or  exposure  to  wet,  and  it  does  not 
readily  crack  or  break  on  being  bent.  But  when  the  felt  has  been 
stiff*ened  with  shellac  dissolved  in  naphtha,  the  hat,  while  it  retains 
its  stiffness,  is  liable  to  crack  on  being  bent,  and  it  readily  loses  its 
stiffness  and  elasticity  when  wetted  or  exposed  to  a  damp  atmo- 
sphere. Wood-naphtha  is,  therefore,  used  only  on  account  of  its  low 
price,  the  quality  of  the  hats  in  the  manufacture  of  which  it  has 
been  used  being  inferior  to  that  of  hats  made  with  solution  of  shellac 
in  spirit.  In  those  instances  in  which,  from  competition  iu  price, 
the  hat- maker  is  obliged  to  use  wood-naphtha,  it  is  found  necessary 
to  use  more  shellac  than  would  be  required  if  spirit  of  wine  were 
the  solvent,  in  order  to  give  the  required  stiffiiess  and  elasticity.  The 
weight  of  the  hat  is  thus  increased,  sametimes  to  the  extent  of  several 
ounces,  in  order  to  compensate  for  the  deteriorating  effect  produced  by 
the  naphtha.  English  hatters  generally  complain  that  they  have 
to  compete  with  foreign  makers  under  a  disadvantage,  in  consequence 
of  the  high  price  of  spirit  in  this  country. 

In  the  manufacture  of  spiy-it  varnishes,  which  are  applied  to  other 
purposes  than  that  of  hat-making,  both  spirit  of  wine  and  naphtha 
are  used  for  dissolving  the  resins.  Among  the  varnishes  of  this 
description  are  included  French  polish  and  lacquer,  the  consumption 
of  which,  as  also  of  other  spirit  varnishes,  is  very  great.  Varnishes 
made  with  spirit  of  wine  are  considered  to  be  better  in  quality  than 
those  made  with  naphtha.  With  regard  to  French  polish,  those 
who  are  practically  engaged  in  the  use  of  this  varnish  say  that  when 
it  is  made  with  wood-naphtha,  it  is  not  so  easily  worked,  and  does 
not  afford  so  durable  and  serviceable  a  polish  as  that  made  with 
spirit  of  wine.  The  disagreeable  smell  evolved  during  the  evaporation 
of  the  wood-naphtha  is  also  objected  to,  especially  when  the  polish 
has  to  be  applied  to  furniture  in  private  houses,  or  in  the  warehouses 
of  upholsterers  which  are  visited  by  customers.  In  the  manufacture 
of  lacquer  for  brass  and  other  metals,  and  of  other  sorts  of  spirit 
varnish,  there  are  also  equally  strong  objections  to  the  use  of  wood- 
naphtha  as  a  substitute  for  spirit  of  wine.  Hitherto  the  French  have 
been  considered  to  excel  us  in  lacquered  goods,  which  may  no  doubt 
be  ascribed  to  the  superiority  of  their  lacquer,  in  the  manufacture  of 
which  they  always  use  spirit  of  wine  for  dissolving  the  resins.     English 
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manufacturers,  on  the  other  hand,  notwithstandino;  the  inferiority  of 
lacquer  and  other  varnishes  made  with  wood-naphtha,  use  large  quan- 
tities of  that  solvent ;  in  proof  of  which  an  extensive  varnish-maker 
informed  us  that  his  consumption  of  wood-naphtha  was  equal  to  that 
of  spirit  of  wine.  There  is  reason  to  believe  that  if  spirit  were  sup- 
plied to  manufacturers  duty-free,  the  use  of  spirit-varnishes  would  be 
greatly  extended,  and  varnished  ornamental  woods  would  frequently 
be  substituted  for  painted  deal. 

Among  the  purposes  to  which  spirit  varnishes  would  be  more 
generally  applied,  if  spirit  were  cheaper,  may  be  mentioned  the  manu- 
facture of  paper-hangings,  and  especially  those  in  which  imitation 
gold  leaf  ("  leaf  metaF^)  is  used,  which,  unless  protected  with  varnish, 
soon  become  tarnished  by  the  sulphuretted  hydrogen  always  present 
in  a  town  atmosphei'e.  Not  only  for  gilt  papers,  however,  but  fo>' 
many  others,  and  especially  those  used  in  staircases,  would  the  appli- 
cation of  a  good  spirit  varnish  be  advantageous. 

Another  application  of  spirit-varnish  would  be  in  the  production  of 
waterproof  papers,  to  be  used  as  wrapping-paper  for  steel  goods,  for 
the  constructicm  of  envelopes  for  transmission  by  sea,  for  the  manu- 
facture of  military  cartridges,  &c. 

Among  the  productions  of  ornamental  stationery,  there  is  a  class  of 
paper,  with  embossed  patterns,  originally  called  Morocco  paper,  but 
which,  on  account  of  the  variety  of  the  patterns,  now  appear  under 
the  more  general  designation  of  varnished  papers,  which  are  very 
extensively  used,  especially  for  book-binding,  and  for  cardboard  box- 
making  ;  and  in  the  production  of  these  papers  the  English  manu- 
facturer is  at  present  precluded,  by  the  high  price  of  spirit  of  wine, 
from  the  use  of  spirit  varnish.  It  is  admitted  that  this  manufacture 
would  be  greatly  improved  by  the  employment  of  spirit  varnish,  as 
the  papers,  when  made,  as  at  present,  with  oil  varnish,  are  not  adapted 
for  exportation,  on  account  of  their  liability  to  become  heated  and  to 
adhere  together. 

In  some  of  the  applications  of  leather,  the  employment  of  spirit 
varnish  would  be  a  great  advantage,  especially  in  book-binding.  At 
present  its  use  is  restricted  by  the  high  price  of  spirit  to  the  better 
class  of  bound  books;  but  its  employment  not  only  increases  the 
beauty  of  the  work,  but  serves  to  protect  the  leather ;  and  there  can 
be  no  doubt  that,  if  spirit  were  cheaper,  its  use  for  this  purpose  would 
be  greatly  extended. 

In  the  application  of  spirit  of  wine  as  a  solvent  of  resinous  sub- 
stances for  the  purposes  already  referred  to,  it  is  not  necessary  that 
the  spirit  should  be  pure ;  but  it  is  important  that  whatever  foreign 
matter  may  be  mixed  with  it  shall  volatilise  without  producing  a 
very  disagreeable  odour,  and  that  the  resins  shall  be  left,  after  the 
drying  of  the  varnishes,  unimpaired  in  quality  and  free  from  any 
offensive  smell  derived  from  the  solvent. 
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There  is  reason  to  believe  that  u  considerable  qiianity  of  illicit 
spirit  is  supplied  to  a  certain  class  of  hatters  and  varnish -makers,  to 
the  iiijury  of  the  revenue  and  of  the  honest  manufacturer.  We  are 
informed  that  this  illicit  spirit  is  sold  for  about  l:ls.  per  gallon,  at 
60  overproof. 

As  the  employment  of  spirit  for  dissolving  resinous  substances 
appears  to  be  the  most  extensive  and  important  of  its  applications  in 
the  arts  and  manufactures,  it  was  necessary  to  ascertain  whether 
spirit  mixed  in  the  manner  proposed  in  this  Keport  is  applicable  for 
such  purposes.  With  the  view  of  determining  this  point,  experiments 
were  made  by  ourselves,  and  were  also  kindly  undertaken,  at  our 
request,  by  gentlemen  })ractically  engaged  in  the  several  departments 
of  manufacture  referred  to.  The  results  have  fully  satisfied  us  that 
the  methylated  spirit  is  suitable  for  all  these  applications.  We  are 
indebted  for  much  valuable  assistance,  in  reference  to  this  part  of  our 
inquiry,  to  Messrs.  J.  T.  and  E.  Christy  and  Co.,  and  Messrs. 
Cooper,  Box,  and  Co.,  hatters;  to  Mr.  Kea  and  Mr.  Heywood^ 
varnish-makers,  and  to  Mr.  Warren  De  la  Rue. 

2.  Spirit  of  wine  is  employed  as  a  solvent  in  the  manufacture  of 
many  chemical  preparations,  including  the  alkaloids  and  other  organic 
products,  which  are  principally  used  in  medicine.  In  manufacturing 
the  alkaloids  derived  from  the  cinchona  barks,  spirit  is  used  in  one 
part  of  tlic  process.  Indeed,  alcohol  appears  to  be  the  best  and  most 
general  solvent  for  this  class  of  substances.  It  is  used  in  the 
manufacture  of  veratrine,  and  is  required  for  crystallising  jnorphine,. 
although  this  alkaloid  may  be  prepared  from  opium  without  spirit. 
It  has  hitherto  been  the  object  of  English  manufacturers  to  discover 
processes  for  the  preparation  of  chemical  products  without  the  use  of 
spirit,  and  such  processes  are  sometimes  adopted  to  the  injury  of  the 
product.  Spirit  of  wine  may  be  advantageously  used  in  the  pre- 
paration of  some  inorganic  salts,  such  as  protosulphate  of  iron,  which, 
when  precipitated  from  its  aqueous  solution  by  means  of  alcohol,  is. 
less  subject  to  change  from  exposure  to  the  air  than  it  is  when 
crystallised  in  the  usual  way.  The  resinous  constituents  of  jalap  and 
scammony  which  are  used  in  medicine,  are  separated  from  the  drugs 
by  means  of  spirit  of  wine,  and  the  use  of  this  solvent  might  no 
doubt  be  greatly  extended  for  similar  purposes  with  advantage.  In 
some  eases  the  manufacture  of  chemical  products  has  been  lost  to 
English  manufacturers  in  consequence  of  the  high  price  of  alcohol  or 
of  ether  which  is  made  from  alcohol.  Thus,  pure  tannin,  the  prepa- 
ration of  which  involves  the  loss  of  a  large  quantity  of  ether,  is 
imported  from  abroad  at  a  price  at  which  it  cannot  be  produced 
at  home.  Among  this  class  of  productions,  involving  the  use  of 
spirit  of  wine  as  a  solvent,  may  be  mentioned  transparent  soap,  a 
pure  and  elegant  preparation  for  the  toilet,  which  is  much  used  in 
those  countries   in   which   alcohol  is   cheap,    but   which,    from    the 
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high  price  of  the  solvent,  is  but  rarely  made  and  little  used  in  this 
country. 

For  all  the  purposes  here  referred  to,  the  methylated  spirit  appears 
to  be  applicable.  In  addition  to  our  own  experiments,  we  have  been 
favoured  with  a  statement  of  results  obtained  by  Mr.  T.  N.  R. 
Morson,  in  the  preparation  of  chemical  products,  and  by  Mr.  Pears 
in  the  manufacture  of  transparent  soap. 

3.  Spirit  of  wine  is  used  as  an  ingredient  for  the  production  of 
ether,  chloroform,  sweet  spirit  of  nitre,  and  fulminating' mercury. 
These  are  important  articles  of  manufacture,  the  first,  three  articles 
being  valuable  medicinal  agents,  and  the  last-named  being  used  for 
making  percussion  caps  for  fire-arms.  Ether  and  chloroform  are  also 
made  use  of  on  account  of  their  solvent  power,  especially  the  former. 
Sweet  spirit  of  nitre  is  used  exclusively  in  medicine,  but  being  a 
popular  remedy,  the  quantity  used  is  very  considerable.  We  may 
state  with  reference  to  this  article,  that  it  is  made  by  distilling  a 
mixture  of  spirit  of  wine  and  nitric  acid,  and  that  when  properly 
prepared  it  consists  of  a  solution  of  a  small  quantity  of  nitrous  ether 
in  spirit  of  wine.  The  proportion  of  nitrous  ether  present  is  extremely 
variable,  and  in  some  commercial  samples  is  so  small  as  merely  to 
impart  a  slight  favour  to  the  spirit,  which  flavour,  moreover,  is  by  no 
means  disagreeable.  From  information  derived  from  those  practically 
acquainted  with  the  commerce  of  this  article,  it  may  be  inferred  that 
a  large  proportion  of  the  sweet  spirit  of  nitre  now  used  is  made  from 
illicit  spirit,  the  price  at  which  the  wholesale  dealer  can  purchase 
sweet  spirit  of  nitre  being  less  than  that  at  which  it  can  be  produced 
with  spirit  on  which  the  duty  has  been  paid.  It  is  scarcely  to  be 
expected  that  spirit  w-hich  has  been  rendered  permanently  unpotable 
can  be  used  for  making  sweet  spirit  of  nitre,  as  the  peculiar  and 
unobjectionable  flavour  of  that  compound  is  the  popular  test  of  its 
good  quality.  When  made  with  the  methylated  spirit,  the  compound 
acquires  a  disagreeable  flavour,  which  is  more  especially  developed  on 
diluting  it  with  water  ;  and  it  is  impossible  to  recover  the  alcohol 
again  in  a  pure  state  from  such  sweet  spirit  of  nitre.  On  the  other 
hand,  the  separation  of  pure  alcohol  from  good  potable  sweet  spirit 
of  nitre,  such  as  the  public  are  accustomed  to  use  and  require,  is 
attended  with  no  difficulty.  It  appears  improbable,  therefore,  that 
any  regulations  could  be  devised  for  the  preparation  of  sweet  spirit  of 
nitre  from  duty-free  spirit,  which  could  be  adopted  with  safety  to  the 
revenue. 

Ether  and  chloroform  may  be  made  with  the  methylated  spirit,  and 
when  the  products  have  been  purified  in  the  usual  way  they  do  not 
appear  upon  a  superficial  examination  to  diff'er  from  those  made  with 
pure  spirit.  '  Upon  allowing  them  slowly  to  evaporate,  however,  a 
peculiar  and  disagreeable  odour  becomes  perceptible  towards  the  end 
of  the   evaporation.     This  impurity  would  probably   preclude  their 
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application  for  most  medicinal  purposes,  for  which  they  are  required 
to  be  pure,  or  at  least  to  be  free  from  any  foreign  flavour  either  in 
taste  or  smell.  When  used  as  solvents,  the  same  degree  of  purity  is 
not  generally  essential,  and  we  believe  that  ether  and  chloroform  pro- 
duced from  the  mixed  spirit  are  perfectly  applicable  for  most  manu- 
facturing purposes. 

Fulminating  mercury  is  produced  from  mercury,  nitric  acid,  and 
alcohol,  and  in  consequence  of  the  large  quantity  of  alcohol  consumed 
in  the  process,  the  price  of  the  product  is  greatly  influenced  by  the 
cost  of  this  ingredient,  so  that  the  English  manufacturer  has  found  it 
difficult  to  compete  with  those  who  can  command  cheap  spirit.  We 
are  informed  that  most  of  the  fulminating  mercury  now  used  in  this 
country  is  either  made  from  illicit  spirit,  or  is  brought  from  the 
Channel  Islands,  where  the  low  price  of  spirit  offers  an  advantage 
to  the  manufacturer.  The  methylated  spirit  is  applicable  for  this 
manufacture. 

We  have  been  aided  in  this  part  of  our  inquiry  by  the  information 
kindly  afforded  to  us  by  Mr.  Alfred  White,  Mr.  Charles  Davy, 
and  Mr.  F.  Joyce. 

4.  A  considerable  quantity  of  spirit  of  wine  is  sold  by  retail  dealers, 
chiefly  chemists  and  druggists,  for  burning  in  lamps  as  a  source  of 
heat,  including  its  application  for  singeing  horses.  It  is  also  mixed 
with  oil  of  turpentine  or  other  hydrocarbons  for  burning  in  lamps 
as  a  source  of  light.  The  methylated  spirit  is  quite  suitable  for  such 
applications. 

5.  Spirit  of  wine  is  used  as  a  solvent  and  menstruum  for  ad- 
ministering the  active  constituents  of  animal  and  vegetable  substances 
used  in  medicine  in  the  form  of  tincture,  spirit,  &c.  These  pre- 
parations being  intended  for  the  treatment  of  disease,  and  their 
efficacy  frequently  depending  upon  the  association  of  substances 
which  from  long  experience  have  been  found  to  contribute  to  the 
required  result,  the  unauthorised  introduction  into  their  composition 
of  a  new  substance,  and  especially  one  of  so  marked  a  character  as 
methylic  spirit,  cannot  in  any  way  be  sanctioned.  There  is  a  large 
number  of  pharmaceutical  preparations  of  the  sort  here  referred  to, 
most  of  which  are  made  according  to  formulae  given  in  the  Pharma- 
copoeias, a  strict  compliance  with  which  is  enjoined  upon  those  who 
compound  them.  We  cannot  recommend  the  substitution  of  any 
mixture  for  the  pure  spirit  directed  to  be  used  in  making  these 
preparations. 

6.  Spirit  of  wine  is  employed  as  a  solvent  of  essential  oils  and  other 
odorous  substances  used  in  perfumery,  and  it  is  scarcely  necessary  to 
say  that  the  addition  of  anything  to  the  spirit  imparting  to  it  an  un- 
pleasant odour  must  render  it  unfit  for  purposes  of  that  description. 
The  methylated  spirit,  therefore,  cannot  be  used  for  the  preparation 
of  perfumes. 
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7.  The  einployment  of  spirit  of  wine  in  the  manufacture  of  acetic  acid 
by  the  German  process  of  oxidation  has  been  suggested  as  a  possible 
result  of  the  entire  removal  of  the  duty  on  pure  spirit ;  but  this  appli- 
cation could  not  obviously  be  made  of  a  mixed  spirit,  such  as  has 
been  contemplated  in  this  inquiry. 

8.  The  methylated  spirit  would  serve  for  the  preservation  of  objects 
of  natural  history,  and  also  for  the  purposes  generally  to  which  alcohol 
is  applied  in  chemical  research.  It  would  remove  an  impediment  to 
the  prosecution  of  science  in  this  country,  created  by  the  high  price 
of  alcohol,  which  has  long  been  complained  of. 

To  recapitulate  briefly  the  results  of  this  inquiry — 
It  has  appeared  that  means  exist  by  which  spirit  of  wine  produced 
in  the  usual  way  may  be  rendered  unfit  for  human  consumption  as  a 
beverage,  without  materially  impairing  it  for  the  greater  number  of 
the  more  valuable  purposes  in  the  arts  to  which  spirit  is  usually 
applied.  To  spirit  of  wine  of  not  less  strength  than  corresponds  to 
density  0*830,  it  is  proposed  to  make  an  addition  of  10  per  cent,  of 
purified  wood-naphtha,  otherwise  known  as  wood-spirit,  pyroxylic 
spirit,  and  methylic  spirit,  and  to  issue  this  mixed  spirit  for  consump- 
tion, duty  free,  under  the  name  of  "'  Methylated  Spirit."  It  has  been 
shown  that  methylated  spirit  resists  any  process  for  its  purification, 
the  removal  of  the  substance  added  to  the  spirit  of  wine  being  not 
only  difficult,  but  to  all  appearance  impossible  ;  and  further,  that  no 
danger  is  to  be  apprehended  of  the  methylated  spirit  being  ever  com- 
pounded so  as  to  make  it  palatable.  The  privilege  of  using  such 
mixed  spirit  should  be  open  to  all  branches  of  the  arts  and  manu- 
factures without  restriction ;  but  it  may  be  expedient  to  prevent  the 
sale  of  methylated  spirit  in  licensed  public-houses,  or  the  preparation 
and  sale  of  it  by  the  licensed  rectifiers  of  spirits.  The  wood-naphtha 
employed  in  mixing  should  be  supplied  by  the  Inland  Revenue,  in 
order  to  ensure  uniformity  in  its  quality,  and  that  substance  be  mixed 
with  the  spirit  at  the  distillery,  under  Government  inspection.  The 
permission  to  use  pure  spirit  of  wine  for  any  purpose  of  manufacture, 
under  a  bond  of  security,  or  in  presence  of  a  revenue  officer,  may 
reasonably  be  withheld  till  the  methylated  spirit  now  proposed  has 
had  a  fair  trial.  It  may  be  found  safe  to  reduce  eventually  the  pro- 
portion of  the  mixing  ingredient  to  5  per  cent.,  or  even  a  smaller 
proportion,  although  it  is  recommended  to  begin  with  the  larger 
proportion  of  10  per  cent.  The  present  supply  of  wood-naphtha  is 
amply  sufficient  for  •the  application  contemplated  of  that  substance, 
for  mixing  with  the  spirits  used  in  the  arts  and  manufactures  of  the 
country. 

The  command  of  alcohol  at  a  low  price  is  sure  to  suggest  a  multitude 
of  improved  processes  and  of  novel  applications,  which  can  be  scarcely 
anticipated  at  the  present   moment.     It  will  be  felt  far  beyond  the 
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limited  range  of  the  trades  now  more  immediately  concerned  in  the 
consumption  of  spirits ;  like  the  repeal  of  the  duty  on  salt,  it  will  at 
once  most  vitally  affect  the  chemical  arts,  and  cannot  fail  ultimately 
to  exert  a  beneficial  influence  upon  many  branches  of  industry.  The 
same  measure  also  practically  removes  one  of  the  last  anomalies  in  the 
duties  imposed  for  revenue;  alcohol  having,  as  a  raw  material  of 
manufacture,  a  claim  to  exemption  from  duty  according  to  sound 
principles  of  taxation. 

We  have  the  honour  to  remain, 
8ir, 
Your  very  obedient  Servants, 


THOMAS  ailAHAM. 
A.  W.  IIOFMANN. 
THEOPHILUS  EEDWOOD. 


London,  July  24,  1854. 

John  Wood,  Esq., 
Chairman  of  the  Board  of  Inland  Revenue, 


Inland  Revenue,  2d  jVovember,  1854. 

Gentlemen, — 

As  I  am  informed  that  it  is  your  intention  to  add  some  remarks  to 
your  report  on  the  supply  of  spirit  of  wine  duty-free  for  use  in  the 
arts  and  manufactures,  I  take  the  opportunity  of  requesting  your 
attention  to  the  passage  in  page  8  of  the  Report,  in  which  you  state, 
in  effect,  that  as  the  oils  in  crude  naphtha  are  removable  from  the 
mixed  spirit  by  a  process  not  very  difficult,  the  question  is  reduced  to 
the  apphcability  of  pure  wood -naphtha  for  the  object  in  view^ 

I  am  not  entirely  convinced  that  the  question  is  thus  narrowed. 
We  have  two  objects  :  first,  to  prevent  the  recovery  of  spirit  of  wine 
from  the  mixture  in  such  a  state  of  purity  as  to  render  it  potable  ;  and, 
second,  to  render  the  mixed  spirit  so  offensive  as  to  prevent  any 
temptation  to  its  use  among  the  workpeople,  who  will  necessarily  have 
access  to  it  in  the  manufacturing  processes  in  which  it  will  be  em- 
ployed. 

Now,  it  is  obvious  that  the  use  of  crude  naphtha  produces  a  more 
offensive  mixture  than  that  of  the  pure  naphtha  ;  and  that  it  would 
probably  be  so  offensive  as  to  preclude  its  consumption  by  workpeople  ; 
and  this  would  be  an  important  point  gained. 

It  is  also  obvious  that  any  attempt  to  render  it  potable  (as  an 
article  of  commerce)  would  be  more  troublesome  and  expensive. 
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Tb  question,  then,  remains,  whether  the  crude  mixture  would  be 
p:<  n(dly  available  in  arts  and  manufactures. 

1  is  is  a  subject  of  great  practical  importance,  and  I  shall  be  much 
obliad  by  your  attention  to  it,  and  by  the   communication  of  the 


of  your  inquiries. 


';  haas  Graham,  Esq.,  F.E.S. 
v.  ".  Hofmann,  Esq.,  F.E.S. 
riitDhilus  Redwood,  Esq. 


I  am,  &c., 

(Signed)  JOHN  WOOD. 


London,  8th  January,  1855. 

Sui,- 

Th(  observations  which  we  desired  to  add  to  our  ^'Report  on  the 
Supjxi  of  Spirit  of  Wine,  free  from  Duty,  for  use  in  the  Arts  and 
Manfactnres,^^  have  reference  to  the  mode  in  which  the  public  is  to 
be  suplied  with  the  spirit.  On  a  review  of  the  subject,  and  after 
furthir  inquiries  among  manufacturers  and  others,  we  doubt  whether 
it  wold  prudent  to  permit,  at  first,  the  retail  sale  of  the  methylated 
spirit.  It  has  been  represented  to  us  that  the  unrestricted  sale  of  the 
spirifcvould  cause  it  to  get  into  the  hands  of  individuals  of  perverted 
tasteswho,  in  extreme  cases,  may  use  it  for  producing  intoxication. 
Althogh  we  are  satisfied  that  such  a  misapplication  of  the  methy- 
lated<pirit  could  only  occur  in  some  isolated  instances  among  persons 
of  cotirmed  habits  of  intemperance,  yet  it  may  be  feared  that  even 
such  tses  would  cause  a  public  outcry  against  the  measure  before  it 
had  r^eived  a  fair  trial.  We  would,  therefore,  recommend  that  the 
nierb'ated  spirit  should  be  issued,  by  agents  duly  authorised  by  the 
Boanbf  Inland  llevenue,  to  none  but  manufacturers,  who  should 
them^ves  consume  it,  and  that  application  should  always  be  made 
for  iticcording  to  a  recognised  form,  in  which,  besides  the  quantity 
wante>  the  applicant  should  state  the  use  to  which  it  is  to  be  applied, 
and  udertake  that  it  should  be  applied  for  that  purpose  only.  The 
manuicturer  might  be  permitted  to  retail  varnishes  and  other  products 
contaiing  the  methylated  spirit,  but  not  the  methylated  spirit  itself 
in  anaialtered  state. 

In  lus  suggesting  a  restriction  upon  the  sale  of  the  methylated 
sprit,  "e  must,  however,  express  our  belief  that  this  limitation  may 
eventully  be  removed  with  safety  when  the  measure  has  been  fairly 
and  fdy  introduced. 

Oiv^ttention  havilig  been  directed,  by  your  letter  of  the  2d  Novem- 
ber lb4,  to  that  part  of  our  Report  in  which  we  recommend  the  use 
of  puried  wood- naphtha,  rather  than  crude  naphtha,  for  preparing 
the  mthylated  spirit,  we  have  instituted  new  inquiries  on  this  part  of 
the  suject. 
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We  have,  in  the  first  place,  to  state,  that  the  distinction  of  crude 
and  purified  wood-naphtha  is  not  generally  recognised  in  commerce. 
The  term  "  crude  wood-naphtha/^  when  used,  is  understood  to  desig- 
nate a  very  impure  sort  of  naphtha,  not  in  the  state  in  which  that 
substance  is  first  produced,  but  in  a  partially,  although  very  imper- 
fectly, purified  state.  This  product,  which  is  of  a  brown  colour,  and 
contains  tarry  matter  and  oils  which  are  not  easily  volatilized,  after 
being  further  purified,  constitutes  the  wood-naphtha  generally  met 
with  in  commerce,  and  which  we  have  referred  to  as  purified  wood- 
naphtha.  The  terms  "  crude  ^'  and  "  purified,'^  as  thus  applied,  have 
not  any  definite  signification  ;  they  are  used  to  indicate  an  undefinable 
difference  of  purity,  the  principal  feature  of  which  consists  in  the 
presence  of  more  difficultly  volatilized  matter  in  the  less  pure  than  in 
the  more  highly  purified  article. 

We  have  further  to  state,  that  the  purification  of  crude  naphtha,  to 
the  extent  to  which  this  is  effected  for  commercial  purposes,  is  not 
attended  with  any  difficulty.  ^lethylated  spirit  prepared  with  crude 
naphtha  may  also  be  rendered  as  free  from  taste  and  smell  as  that 
made  with  purified  wood-naphtha,  by  simple  and  inexpensive  means. 

We  have  had  a  methylated  spirit  prepared  (No.  1  of  the  specimens 
sent  herewith),  containing  10  per  cent,  of  the  crudest  wood-naphtha  we 
could  procure,  and  which  was  quite  unsaleable.  Now,  by  a  simple 
distillation  from  10  per  cent,  of  potash,  this  (as  seen  in  No.  2)  is  highly 
purified,  so  as  to  be  quite  equal,  if  not  superior,  to  the  methylated 
spirit  made  with  TurobulFs  purified  wood-naphtha,  as  recommended 
in  the  Report.  The  cost  of  applying  this  purification  of  methylated 
spirit  would  be  less  than  1^.  a  gallon. 

We  believe  that  if  very  impure  wood-naphtha  be  used  for  making  the 
methylated  spirit,  the  spirit  so  prepared  will  not  fulfil  the  requirements 
of  any  class  of  manufacturers  referred  to  in  our  Report,  unless  the 
purification  of  the  spirit  before  its  use  be  permitted,  and  such,  we 
presume,  would  not  be  deemed  advisable ;  if  this  purification  was 
forbidden,  the  honest  manufacturer  would  obey  the  law,  and  work  to 
a  great  disadvantage  as  compared  with  his  less  scrupulous  competitors, 
who  would  resort  to  illicit  purification.  This  of  itself  would  be  a  great 
evil,  and  one,  we  fear,  quite  beyond  the  powers  of  the  Excise  to  pre- 
vent. We  admit  that  the  methylated  spirit  made  with  crude  naphtha 
would  be  more  unpalatable  than  that  made  with  purified  wood-naphtha, 
and  that  the  latter  would  be  more  likely  than  the  former  to  be  drunk 
by  the  workmen  employed  in  manufactories  where  such  spirit  was  used; 
but,  as  already  stated,  we  can  only  conceive  it  possible  that  such  use 
would  be  made  of  methylated  spirit  by  individuals  of  perverted  taste, 
and  confirmed  habits  of  intemperance;  and  in  such  instances  we 
doubt  if  even  the  use  of  crude  wood-naphtha  would  be  sufficient 
entirely  to  prevent  the  evil. 

The  conclusions  we  have  come  to  as  the  result  of  our  investigations 
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on  this  subject  are,  that  methylated  spirit  made  with  a  very  impure 
wood-naphtha  could  not  be  advantageously  used  as  a  solvent  for  resins 
by  hatters  and  varnish -makers,  as  the  less  volatile  parts  of  the  naphtha 
would  be  retained  by  the  resins  after  the  spirit  had  evaporated,  and 
the  quality  of  the  resins  would  be  thus  impaired,  and  that  such  me- 
thylated spirit  would  be  almost  wholly  inapplicable  for  chemical  and 
pharmaceutical  purposes,  and  for  the  preservation  of  objects  of  natural 
history.  The  benefits  anticipated  from  the  proposed  measure  would 
thus  be  greatly  limited,  without,  as  we  believe,  any  adequate  advantage 
resulting,  either  in  increased  security  to  the  revenue,  or  otherwise. 

It  is  purified  wood  naphtha,  and  not  the  imparity  which  crude 
naphtha  contains,  that  presents  the  great  and  insuperable  difficulty 
we  have  indicated  to  its  separation  from  spirit  of  wine  with  which  it 
has  been  mixed ;  in  fact,  the  more  highly  purified  the  naphtha  is  with 
which  the  spirit  is  mixed,  the  more  difficult  it  will  be  to  effect  an  alte- 
ration of  this  mixture  in  the  way  contemplated  by  any  chemical  process ; 
and  in  proportion  as  this  condition  is  fulfilled,  the  mixed  spirit  will 
be  more  valuable  for  use  in  the  arts  and  manufactures  as  a  substitute 
for  spirit  of  wine  :  on  the  other  hand,  the  impurity  which  constitutes 
the  difference  between  crude  and  purified  wood-naphtha  presents 
little  or  no  difficulty  in  the  way  of  its  separation,  whilst  for  all  purposes 
referred  to  it  renders  the  mixed  spirit  contained  in  it  less  applicable, 
and  for  some  of  those  purposes  it  entirely  precludes  its  applicaiion. 

We  are,  therefore,  unable  to  recommend  any  alteration  in  the  mode 
of  preparing  the  methylated  spirit  suggested  in  our  Report. 

THOMAS  GRAHAM. 
A.  W.  HOPMANN. 
T.  REDWOOD. 

To  John  Wood,  Esq., 
Chairman  of  the  Board  of  Inland  Revenue. 


On  the  Preparation  of  Liitliiuni.'^ 

(Copy  of  a  Letter  addi'essed  to  Professor  Liebig  by  Professor  Bunsen.) 

Dr.  Matthiessen  is  still  engaged  with  the  preparation  of  the 
metals  of  the  alkaline  earths.  Out  of  the  chloride  of  lithium  which 
you  had  the  kindness  to  send  me,  I  have  with  him  reduced  the  metal. 
This,  which  is  more  easily  obtained  than  the  other  metals  belonging 
to  the  same  group,  can  be  prepared  at  the  lecture-table  with  the 
greatest  success.  The  method  by  which  we  prepare  it  is  the  follow- 
ing : — Pure  chloride  of  lithium  is  fused  over  a  Berzelius^s  spirit 
lamp  in  a  small  thick  porcelain  crucible,  and  is  decomposed  by  a  zinc 
coke  battery  consisting  of  four  to  six  cells.     The  positive  pole  is  a 

*  Ann.  Ch.  Pharm.  xciv.  107. 
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small  splinter  of  gas  coke  (the  hard  carbon  deposit  in  the  gas  retorts), 
and  the  negative  an  iron  wire  about  the  thickness  of  a  knitting 
needle.  After  a  few  seconds^  a  small  silver-white  regulus  is  formed 
under  the  fused  chloride  round  the  iron  wire  and  adhering  to  it, 
which  after  two  or  three  minutes  attains  the  size  of  a  small  pea :  to 
obtain  the  metal,  the  wire  pole  and  regulus  are  lifted  out  of  the  fused 
mass  by  a  small  flat  spoon-shaped  iron  spatula.  The  wire  can  then 
be  withdrawn  from  the  still  melted  metal,  Avhich  is  protected  from 
ignition  by  the  chloride  of  lithium  with  wiiicli  it  is  coated.  The 
metal  may  now  be  easily  taken  off  the  spatula  with  a  pen-knife, 
after  having  been  cooled  under  rock-oil.  As  this  operation  can  be 
repeated  every  three  minutes,  an  ounce  of  chloride  of  lithium  may  be 
reduced  in  a  very  short  time. 

Lithium  on  a  fresh  cut  surface  has  the  colour  of  silver,  but  tar^ 
nishes  after  having  been  exposed  for  a  few  seconds  to  the  air,  and 
becomes  slightly  yellow.  The  melting  point  is  180°  C.  A  piece  of 
it  at  that  temperature,  if  pressed  between  two  glass  surfaces,  exhibits 
the  colour  and  brightness  of  polished  silver.  Lithium  is  harder  than 
potassium  or  sodium,  but  softer  than  lead,  and  therefore  can  be 
pressed  out  like  that  metal  to  wire.  The  specimen  I  enclose,  about 
a  foot  in  length,  weighs  only  nine  milligrammes.  It  tears  much 
more  easily  than  a  lead  wire  of  the  same  dimensions.  By  pressure, 
lithium  can  be  welded  at  ordinary  temperatures  :  it  swims  on  rock-oil, 
and  is  the  lightest  of  all  solid  bodies.  Its  specific  gravity  is  0.5936, 
being  the  mean  of  two  experiments.  The  first,  in  wdiich  the  chloride 
of  lithium  used  was  precipitated  twice  wdth  carbonate  of  ammonia, 
gave  as  result  0*5983 ;  in  the  second,  the  chloride  was  three  times 
precipitated,  and  gave  0*5891.  If  the  atomic  weight  of  lithium  be 
taken  at  81*7,  its  atomic  volume  is  13*7,  being  nearly  the  same  as 
that  of  calcium. 

Lithium  is  much  less  oxidisable  than  potassium  or  sodium.  All 
these  metals  mark  paper.  Potassium  marks  it  whitish-grey,  and 
disappears  first ;  then  sodium,  which  gives  a  bluish-grey  tint ;  and 
last  of  all,  lithium,  w^hich  marks  it  lead-grey.  Lithium  ignites  at  a 
temperature  much  higher  than  its  fusing  point;  it  burns  tranquilly, 
with  an  intense  white  light.  It  burns  when  heated  in  chlorine, 
oxygen,  bromine,  iodine,  or  dry  carbonic  acid,  and  on  boiling  sulphur 
with  uncommon  brilliancy.  When  thrown  on  vrater,  it  oxidises, 
but  does  not  fuse  as  sodium  does.  Fuming  and  common  nitric  acid 
act  on  it  so  violently  that  it  fuses,  and  often  ignites.  Concentrated 
sulphuric  acid  attacks  it  slowly,  but  diluted  sulphuric  and  hydro- 
chloric acids  quickly.  Silicic  acid,  glass,  and  porcelain,  are  attacked 
by  lithium  at  a  temperature  even  below  200° C. 
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On  the  Action  of  Iodide  of  Pliospliorus  upon  Glycerine.* 
By  MM.  Bertbeiot  and  De   Luca. 

When  1  part  of  crystallised  biniodide  of  phosphorus  and  1  part  of 
syrupy  glycerine  are  mixed  together,  a  very  energetic  action  soon 
takes  place ;  propylene  C^^Hq,  is  evolved  in  the  form  of  gas ;  water  and 
liquid  iodopropylene  CgHgl  distil  over;  and  there  remains  in  the 
retort  a  solid  mass  composed  of  iodine,  undecomposed  glycerine,  a 
small  quantity  of  an  organic  compound  containing  iodine,  together 
with  oxygen-acids  of  phosphorus  and  a  trace  of  red  phosphorus. 
With  1  eq.  iodide  of  phosphorus  and  variable  quantities  of  glycerine, 
the  products  are  1  eq.  iodopropylene  and  4  eq.  water.  To  obtain 
1  eq.  of  propylene-gas,  it  is  necessary  to  use  from  9  to  18  eq.  of 
iodide  of  phosphorus;  hence  the  formation  of  propylene  is  but  of 
secondary  importance  as  compared  with  that  of  iodopi-opylene.  The 
residue  in  the  retort  is  of  variable  composition.  When  100  parts  of 
iodide  of  phosphorus  are  made  to  act  on  100  parts  or  more  of  gly- 
cerine, the  products  just  mentioned  are  formed,  and  the  residue 
consists  mainly  of  glycerine;  but  when  only  64  parts,  or  a  smaller 
quantity  ot  glycerine  is  used  to  100  iodide  of  phosphorus,  the  residue 
in  the  retort  consists  of  a  black,  non- volatile,  insoluble  mass ;  the  point 
at  which  this  change  in  the  reaction  takes  place  corresponds  nearly 
to  the  proportion  of  2  eq.  glycerine  to  1  eq.  iodide  of  phosphorus. 
Half  the  iodine  of  the  iodide  of  phosphorus  used  contributes  rather 
to  the  formation  of  the  iodopropylene,  but  remains  in  the  residue 
under  various  forms,  chiefly,  however,  in  the  free  state.  The  prin- 
cipal reaction  v.hich  iodide  of  phosphorus  exerts  upon  glycerine 
appears  to  be  that  which  is  represented  by  the  following  equation  : — 

PI^  +  3  CeHgOe  =  C,H,I  +  4  HO  + 1  +  {CS>f><s  +  PO3  -  HO), 

the  portion  within  the  brackets  representing  the  oxy.<>;en-acids  of 
phosphorus,  mixed  and  combined  with  the  excess  of  glycerine.  The 
formation  of  iodopropylene  is  due  to  a  reducing  action  exerted  by  the 
iodide  of  phosphorus  on  the  oxygen  of  the  glycerine. 

Iodopropylene,  C^)\(A,  constitutes  the  greater  part  of  the  dis- 
tillate obtained  in  this  decomposition.  The  latter  is  reclitied,  and 
the  liquid  which  passes  over  at  101°  received  in  a  separate  vessel. 
Iodopropylene  thus  obtained  is  a  colourless  liquid,  having  an  ethereal 
and  afterwards  alliaceous  odour,  insoluble  in  water,  soluble  in  alcohol 
and  ether,  and  of  specific  gravity  1-789  at  16°. 

*  Conipt.  rend,  xxxix.  745  ;  Ann.  Ch.  Pliys.  [3]  xliii.  257. 
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Carbon      .... 

Hydrogen 

Iodine        .... 

100-4  100-0 

Under  the  influence  of  air  and  light,  it  quickly  turns  brown,  and 
then  emits  extremely  irritating  vapours. 

By  the  action  of  aqueous  ammonia  at  100°,  continued  for  forty 
hours,  iodopropylene  is  completely  decomposed ;  and  if  the  resulting 
mass  be  distilled  with  potash,  a  very  volatile  base  is  obtained,  which 
is  insoluble  in  w^ater,  and  smells  of  ammonia  and  also  like  sea-fish. 
This  base  forms  a  hydrochlorate,  which  is  soluble  in  anhydrous 
alcohol  and  deliquescent ;  and  the  hydrochlorate  forms  with  bichloride 
of  platinum  a  double  salt,  which  crystallises  in  yellow  needles,  dis- 
solves in  boiling  water,  and  has  the  composition  of  cbloroplatinate  of 
propylamine,  CJlgN,  HCl,  PtClo. 

Fonncl.  Calculated. 

18-6 
—  3-8 

37-9  37-3 

This  double  salt,  when  gently  heated  with  potash,  is  suddenly 
decomposed,  with  formation  of  an  inflammable  gas,  which  smells  like 
ammonia  and  sea-fish,  and  dissolves  in  water, — and  of  a  liquid  which 
has  a  similar  odour,  a  strong  alkaline  reaction,  and  on  addition  of 
lumps  of  solid  caustic  potash,  or  on  being  heated  to  50°  or  60°,  boils 
and  gives  off  an  inflammable  ammoniacal  vapour. 

It  appears,  then,  that  the  action  of  aqueous  ammonia  at  100° 
produces  hydriodate  of  propylene :  but  this  is  not  the  only  product 
formed.  If  the  liquid  containing  potash,  from  which  the  propylamine 
has  been  driven  out  by  boiling,  is  mixed  with  a  slight  excess  of  hydro- 
chloric acid  and  evaporated  in  the  water-bath,  long  violet-black  needles 
are  produced,  which  fuse  when  heated,  and  are  decomposed  with 
evolution  of  iodine,  leaving  a  residue  of  charcoal ;  they  are  insoluble 
in  water,  somewhat  soluble  in  a  hot  solution  of  iodide  of  potassium, 
scarcely  or  not  at  all  in  sulphide  of  carbon,  and  but  sparingly  in 
anhydrous  alcohol  and  in  ether.  The  composition  of  the  dafk  needles 
recrystallised  from  ether  was  not  ascertained  with  cetainty,  but  two 
analyses  gave  the  following  results  : — 

Carbon 
Hydrogen 
Nitrogen    . 
Iodine 


Carbon     . 

.  13-2 

130 

13-1 

Hydrogen 

.     39 

3-8 

3-8 

Platinum 

— 

37-5 

37-6 

26-0 

230 

4-1 

2-4 

1-5 

0-3 

61-6 

69-8 
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Fuming  nitric  acid  instantly  decomposes  iodopropylene,  with  sepa- 
ration of  iodine.  Sulphuric  acid  does  not  act  on  iodopropylene  in 
the  cold  ;  but  on  the  application  of  heat  it  carbonises  the  latter,  and 
a  small  quantity  of  propylene  gas  is  evolved. 

By  the  action  of  hydrogen-gas  in  the  nascent  state,  iodopropylene 
is  converted  into  propylene.  When  iodopropylene  is  added  to  a  small 
quantity  of  zinc  and  dilute  sulphuric  acid,  and  the  mixture  gently 
heated,  the  iodopropylene  is  decomposed,  and  a  gas  is  evolved,  the 
fourth  part  of  which  consists  of  propylene  : 

C.HsI  +  2Zn  +  HOrrCeHg  -|-  Znl  +  ZnO. 

When  a  small  quantity  of  iodopropylene  and  dilute  sulphuric,  or, 
better,  strong  hydrochloric  acid,  are  introduced  into  a  test-tube 
standing  over  mercury,  the  latter  is  attacked,  and  pure  propylene  gas 
is  evolved. 

Propylene  gas  may  be  obtained  in  the  pure  state  by  collecting 
either  the  gas  evolved  in  the  action  of  iodide  of  phosphorus  upon 
glycerine,  or  that  which  is  produced  by  the  decomposition  of  iodo- 
propylene with  mercury  and  hydrochloric  acid,  as  just  described. 
The  gas  obtained  by  the  former  method  contains  a  certain  quantity  of 
phosphuretted  hydrogen;  the  second  method  yields  propylene-gas 
mixed  with  a  little  hydrochloric  acid  gas,  and  a  small  quantity  of  the 
vapour  of  a  chloruretted  or  ioduretted  body,  which  latter  may  be 
completely  condensed  by  passing  the  gas  through  a  tube  cooled 
to  —40°.  Large  quantities  of  propylene  gas  may  be  readily  ob- 
tained by  mixing  in  a  tubulated  retort  50  grms.  of  biniodide  of 
phosphorus  PI2  (prepared  by  dissolving  phosphorus,  together  with 
eight  times  its  weight  of  iodine,  in  sulphide  of  carbon,  and  evapo- 
rating the  solution  in  a  stream  of  carbonic  acid  gas)  with  50  grms. 
of  syrupy  glycerine,  and  inducing  the  action  by  a  gentle  heat;  30 
grms.  of  iodopropylene  then  collect  in  the  receiver.  This  product  is 
introduced  into  a  small  flask  with  150  grms.  of  mercury  and  50  to 
60  grms.  of  fuming  hydrochloric  acid,  and  gently  heated ;  propylene- 
gas  is  then  immediately  evolved,  and  may  be  collected  to  the  amount 
of  about  3  litres.  The  eudiometric  analysis  of  propylene-gas  gave 
numbers  corresponding  with  the  formula  CgH^;  the  specific  gravity 
was  found  to  be  =1*498,  while  the  density  calculated  from  the  formula 
for  a  condensation  to  4  volumes  is  1*478. 

Pure  propylene-gas  has  a  peculiar  and  somewhat  phosphorous 
odour,  like  that  of  purified  oletiant-gas ;  its  taste  is  sweetish  and 
suffocating.  It  is  r\pt  condensed  by  cooling  down  to  —40°;  but 
when  it  was  introduced  into  the  narrow  neck  of  a  glass  tube,  the  body 
of  which  was  filled  with  mercury,  its  condensation  was  effected  by 
the  expansion  of  the  mercury  in  heating,  at  a  pressure  which  appeared 
to  be  intermediate  between  those  which  are  required  for  the  con- 
densation of  ammonia    and   of   carbonic   acid   respectively.      Water 
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absorbs  from  one-tenth  to  one-sixth,  absolute  alcohol  twelve  to  thir- 
teen timesj  and  glacial  acetic  acid  five  times  its  volume  of  propylene- 
gas.  Fuming  or  concentrated  sulphuric  acid  absorbs  propylene-gas 
readily :  bromine  absorbs  and  combines  with  it. 

When  a  small  quantity  of  iodine  is  introduced  into  a  glass  globe 
filled  with  propylene-gas,  and  the  globe  exposed  to  sunshine  for  an 
hour,  or  heated  for  some  time  to  50°  or  60°,  a  liquid  product  is 
formed,  which  may  be  purified  by  agitation  with  potash.  This  liquid 
has  a  density  of  2-490  at  18-5°;  when  recently  prepared,  it  is  colour- 
less, and  has  an  ethereal  odour,  but  becomes  coloured  by  the  action 
of  the  air,  and  more  especially  of  light,  and  then  exerts  an  extremely 
irritating  action    on    the  eyes.      It  is  the    biniodide  of  propylene. 

Carbon       .  .  .  .12-4  12-2 

Hydrogen  .  .  .1-9  2"0 

Iodine        ....     85-8  85-8 


100-1  100-0 

This  liquid  does  not  solidify  at  —10°.  Heated  with  potash  and 
alcohol,  it  reproduces  propylene-gas,  together  with  a  few  drops  of  a 
volatile  compound  different  from  iodopropylene,  and  probably  con- 
taining oxygen. 


On  tlie  Formation  of  Alcohol  from  Oleliant  Gas. 
By   M.    Bcrtliclot. 

A  LARGE  glass  globe  of  31  or  32  litres  capacity  was  exhausted  of  air 
and  filled  with  olefiant  gas ;  900  grammes  of  pure  and  boiled  sul- 
phuric acid  poured  into  it  in  several  separate  portions ;  then  a  few 
kilogrammes  of  mercury;  and  the  whole  submitted  to  violent  and 
continued  agitation  :  the  gas  was  then  gradually  absorbed.  After 
53,000  agitations,  the  absorption  became  too  slow,  and  the  operation 
was  discontinued ;  the  quantity  thus  absorbed  amounted  to  30  litres. 
Tiie  sulphuric  acid  was  then  mixed  with  five  or  six  times  its  bulk  of 
distilled  water,  and  after  repeated  distillation  and  subsequent  sepa- 
rations with  carbonate  of  potash,  52  grammes  of  hydrated  alcohol 
were  obtained,  which  by  its  density  corresponded  to  45  grammes  of 
absolute  alcohol.  This  weight  amounts  to  three-fourths  of  the  olefiant 
gas  absorbed  :    the  rest  was  lost  in  the  several  manipulations. 

The  alcohol  thus  obtained  exhibited  all  the  characters  of  ordinary 
alcohol  produced  by  fermentation,  having  a  spirituous  taste  and 
odour,  distilling  without   residue   at   79°  to  81°  C.,   yielding  olefiant 


THE  FORMATION  OF  ALCOHOL  FROM  OLEFIANT  GAS.  149 

gas  when  heated  with  sulphuric  acid,  and  acetic  ether  when  distilled 
with  sulphuric  and  acetic  acids  together. 

To  obtain  further  confirmition  of  this  result,  olefiant  gas  obtained 
by  the  action  of  hydrochloric  acid  and  mercury  on  the  iodide  of 
ethylene  (C^H^Ig  +  4 II g  =  C2H4  +  2  Hg^I),  was  absorbed  by  sulphuric 
acid,  and  the  liquid  saturated  with  carbonate  of  baryta  or  carbonate 
of  lime ;  in  this  manner  the  sulphovinates  were  obtained. 

The  baryta-salt  distilled  with  acetate  of  soda  yielded  acetic  ether ; 
with  butyrate  of  potash,  butyric  ether  ;  and  with  benzoate  of  potash, 
benzoic  ether,  C^^QO^fi^H^^.  This  latter  product  boiled  at  210°  C, 
and  yielded  benzoic  acid  and  alcojiol  when  treated  with  potash. 

Lastly,  to  show  that  the  same  results  may  be  obtained  with  olefiant 
gas  not  originally  derived  from  alcohol,  coal-gas  was  subjected  to  the 
action  of  iodine,  and  the  resulting  iodide  of  ethylene  decomposed  by 
heating  it  with  potash.  The  pure  olefiant  gas  thence  obtained  was 
absorbed  by  sulphuric  acid  ns  before,  and  by  the  series  of  operations 
above  described,  benzoic  ether  was  obtained,  which  when  distilled 
with  potash,  yielded  benzoic  acid  and  alcohol.  This  is  the  first  time 
that  alcohol  has  been  produced  without  fermentation. 

Formation  of  Propi/Uc  Alcohol,  CgHg02,  from  Propylene,  CgHg. 
— Propylene  gas  is  absorbed  by  strong  sulphuric  acid  almost  as 
rapidly  as  carbonic  acid  by  potash ;  and  on  subsequently  diluting  the 
acid  with  water,  filtering,  and  distilling,  propylic  alcohol  is  obtained 
in  the  form  of  a  spirituous  liquid,  having  a  peculiar  pungent  odour, 
soluble  in  water,  but  precipitated  from  the  solution  by  carbonate  of 
potash.  This  liquid  in  a  state  of  concentration,  but  still  mixed  with 
a  certain  quantity  of  water,  has  a  density  of  0"817,  and  begins  to 
boil  at  81°  to  82°  C.  It  mixes  in  all  proportions  with  water,  and 
forms  with  crystallised  chloride  of  calcium  either  a  homogeneous 
solution,  or  two  distinct  strata,  according  to  the  proportion  of  the 
salt.  It  burns  with  a  brighter  flame  than  common  alcohol ;  mixed 
with  sulphuric  acid  and  sand,  and  heated,  it  blackens,  decomposes 
rapidly,  and  yields  propylene-gas,  mixed  with  about  ',j\ih.  of  another 
combustible  gas,  probably  hydride  of  propyl,  CgHg.  Distilled  with  a 
mixture  of  sulphuric  and  butyric  acids,  it  yields  propylo-butyric  ether, 
C8Hg04,  CgHg,  which  is  a  neutral  liquid,  lighter  than  water,  volatile 
below  130°  C.>  and  having  an  odour  like  that  of  butyric  ether,  but 
more  unpleasant ;  it  is  decomposed  at  100°  by  potash,  yielding  buty- 
rate of  potash  and  propylic  alcohol.  The  alcohol  distdled  with  sul- 
phuric and  acetic  acid,  yields  propylacetic  ether,  analogous  to  ordinary 
acetic  ether,  but  volatilising  at  about  90°  C.  A  mixture  of  propylic 
alcohol  and  sulphuric  acid,  gently  heated,  and  then  saturated  with 
carbonate  of  baryta,  yields  a  crystal! isable  salt,  the  sulphopropylate 
of  baryta,  SoOg,C(^H^,HO,BaO  +  6  Aq.  This  salt  parts  with  its  water 
of  crystallisation  in  vacuo.  With  benzoate  of  potash,  it  forms  propylo- 
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benzoic  ether.  By  immediately  saturating  with  carbonate  of  baryta 
the  solution  of  propylene  in  sulphuric  acid,  two  salts  were  obtained,  con- 
taining different  quantities  of  water,  viz.  S206,CeHg,HO,  BaO  H-  6  Aq. 
identical  with  the  salt  obtained  from  propyUc  alcohol,  S20g,CgH,HO, 
BaO  +  £  Aq.,  corresponding  with  the  sulphovinate.  These  two, 
hydrates  exhibit  the  same  degree  of  stability,  and  behave  in  the  same 
manner  with  various  salts,  both  producing  the  acetate,  butyrate,  and 
benzoate  of  propyl.* 

Propylene  is  likewise  absorbed  by  hydrochloric  acid.  When  this 
gas  is  left  to  stand  at  ordinary  temperatures  over  a  stratum  of  the 
fuming  acid,  it  is  slowly  taken  up  and  disappears  after  some  weeks : 
this  reaction  takes  place  even  in  a  sealed  tube.  At  100°  C.  the  ab- 
sorption is  complete  in  30  hours.  The  product  is  a  neutral  liquid, 
lighter  than  water,  and  insoluble  in  that  fluid.  After  bemg  purified 
with  potash  and  distilled,  it  consists  for  the  most  part  of  hydrochlorate 
of  propylene,  CgHgjHCl,  which  volatilises  at  about  40°  C,  and  has  the 
odour,  taste,  and  flame  of  hydrochloric  ether. 


On  the, Substitution  of  the  Aldehyde  Radicals  in  Ammonia.t 
By  J.  Natanson. 

Owide  of  Acetylammonium  :     ^tt^[NO.HO. — This  compound,   or 

rather  the  corresponding  chloride,  is  obtained  by  the  action  of  chloride 
of  ethylene  (C4H^Cl2  or  C4H3CI .  HCl)  on  ammonia  at  high  tem- 
peratures : — 

C4H3CI  .  HCl  +  2H3N  =  NH4C1  +  ^^^aW  .  ci. 

When  one  part  of  chloride  of  ethylene  and  five  parts  of  strong  am- 
monia are  placed  together  in  a  sealed  tube  and  heated  in  an  oil-bath  to 
150°  (no  action  takes  place  at  100°),  the  chloride  of  ethylene  is  com- 
pletely absorbed  in  the  course  of  a  few  hours,  and  the  whole  converted 
into  a  homogeneous  yellow,  watery,  liquid.  On  opening  the  tube,  the 
odour  of  chloride  of  ethylene  is  no  longer  perceptible  ;  and  if  the  liquid 
be  left  to  evaporate  over  sulphuric  acid  or  in  a  warm  place,  sal- 
ammoniac  separates  out,  and  a  mother-liquid  is  obtained  which  yields 
nothing  but  water  and  ammonia  by  distillation  with  hydrate  of  lime, 
and  therefore  does  not  appear  to  contain  any  volatile  organic  base ; 
but  on  treating  it  with  recently  precipitated  oxide  of  silver,  evaporating 

*  The  compound  Ibrmed  with  propylene  and  fuming  sulphuric  acid  does  not  re- 
produce these  ethers. 

t  Ann.  Ch.  Phann.  xcii.  48. 
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the  filtrate  to  dryness  at  a  gentle  heat  to  expel  the  ammonia^  and 
extracting  the  residue  with  water,  a  solution  is  obtained  having  a 
strong  alkaline  reaction,  and  therefore  indicating  the  presence  of  a 
non-volatile  base.  The  aqueous  solution  blackened  on  exposure  to 
the  air,  and  deposited  reduced  silver ;  and  on  removing  the  silver  by 
sulphuretted  hydrogen,  expelling  the  excess  of  that  gas  from  the 
filtrate  by  heat,  neutralising  the  remaining  liquid  with  sulphuric  acid, 
decomposing  the  sulphate  with  caustic  baryta  (taking  care  to  avoid  an 
excess  of  that  reagent)  and  extracting  with  alcohol,  the  base  was 
obtained  in  the  free  state. 

Great  difficulty  was  experienced  in  fixing  the  composition  of  this 
base  by  analysis,  because  none  of  its  salts  could  be  made  to  crystallise, 
the  only  mode  of  obtaining  them  in  a  state  approaching  to  purity 
being  to  precipitate  them  from  their  aqueous  solutions  by  alcohol. 
They  are  then  obtained  in  the  form  of  white  liocculent  precipitates, 
which  in  drying  aggregate  together  in  yellow  viscid  masses,  rendering- 
it  impossible  to  dry  them  completely;  moreover,  in  the  dry  state  they 
are  highly  hygroscopic. 

The  sulphate  prepared  in  the  manner  just  described,  gave,  in  two 
analyses,   40'77  and  41-13    per  cent,   sulphuric  acid;    the  formula 

■^Ti^JNO  .  SO3  requires  43*47.      The  chloroplatinate,   which,  ac- 

cording  to  the  formula,     ^yy^  iNCl .  PtCl2  should  contain    39'57  per 

cent,  platinum,  jdelded  only  38-22  per  cent.  These  results  not  being 
sufficiently  accurate  to  establish  the  formula  without  further  con- 
firmation, such  confirmation  was  sought  in  the  proportion  of  carbonic 
acid  and  nitrogen  obtained  by  combustion  of  the  sulphate.  Experi- 
ment gave  N  :  00.2  =  1  :  3'91,  which  does  not  differ  much  from  the  ratio 
given  by  calculation,  viz.  1 :  4.  These  results,  viewed  in  connection 
with  the  two  following  reactions,  which  show  that  the  base  contains 
the  radical  of  aldehyde,  may  be  regarded  as  sufficient  evidence  that  it 
is  really  the  oxide  of  aceiylammonium. — 1.  When  nitrate  of  silver  is 
added  to  a  solution  of  the  chloride  and  the  liquid  heated,  aldehyde  is 
copiously  evolved,  especially  if  a  few  drops  of  dilute  sulphuric  acid 

be  added  :— ^ A  I  ;No  +  N03  =  C4H30  .  HO  +  2N  +  2H0. 
XI3 . 

2.  When  ammonia  and  nitrate  of  silver  are  added  to  a  solution  of  the 

base  or  of  either  of  its  salts,  and  the  liquid  boiled  for  some  time,  an 

extremely  beautiful  specular  deposit  of  silver  is  formed,  indicating  the 

presence    of  a   considerable    quantity   of  aldehyde-ammonia.      This 

reaction  is  slower  with  the  chloride  than  with  other  salts,  because  the 

separated  chloride  of  silver  is  difficult  to  reduce. 

The  base  separated  from  the  sulphate  by  means  of  baryta  forms  a 

yellowish,  inodorous,  viscid  mass,  which  dissolves  readily  in  water  and 
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alcohol.  The  aqueous  solution  has  a  strong  alkaline  reaction,  a  slightly 
caustic  taste,  and  when  boiled  gives  off  the  faint  characteristic  odour 
of  alkaline  solutions.  It  easily  expels  aramouia  from  ammoniacal 
salts.  It  absorbs  carbonic  acid  from  the  air,  and  afterwards  effervesces 
with  acids.  When  heated  it  becomes  carbonised,  giving  off  vapours 
which  have  a  faint  but  characteristic  odour.  When  aqueous  ethyla- 
miiie  is  added  at  ordinary  temperatures  to  a  salt  of  acetylammonium, 
its  odou*  is  immediately  destr()3'ed,  a  proof  that  etliylamine  separates 
acetylamine  from  its  compounds  ;  on  boiling,  however,  the  ethylamine 
is  expelled,  its  volatility  then  coming  into  play,  ilydrated  oxide  of 
acetylammonium  does  not  dissolve  alumina;  it  dissolves  oxide  of 
silver  with  great  facility,  but  the  silver  is  quickly  reduced  on  heating 
the  liquid.  Solution  of  chloride  of  gold  produces  an  orange-yellow 
amorphous  precipitate,  which  dissolves  readily  when  the  liquor  is 
heated,  but  is  almost  simultaneously  decomposed,  with  reduction  of 
gold.  Bichloride  of  platinum  forms  a  deep  orange-yellow  filmy  pre- 
cipitate, which  afterwards  aggregates  together.  Chloride  of  mercury 
forms  a  white  precipitate  very  sparingly  soluble  in  cold  water,  but 
dissolving  with  tolerable  facility  in  hot  water,  and  separating  out  again 
on  cooling  ;  it  is  insoluble  in  alcohol. 

Snlphalc  of  acetylammonium  is  precipitated  from  a  moderately 
concentrated  aqueous  solution  by  alcohol  in  white  flakes;  from  a 
stronger  solution,  as  a  non-misclble  yellow  stratum  of  liquid.  It  has 
a  slight  acid  reaction,  even  if  the  acjueous  solution  before  precipitation 
with  alcohol  has  been  made  alkaliiie  by  excess  of  base.  When  dried, 
it  forms  a  viscid,  yellow  mass. 

The  niirate  is  similar  to  the  sulphate.  The  oxalate  is  precipitated 
by  alcohol  from  the  aqueous  solution  in  the  form  of  a  white  gelati- 
nous precipitate,  which,  if  the  solution  is  concentrated,  converts  the 
liquid  into  a  pasty  mass.  The  aqueous  solution  of  the  chloride  does 
not  mix  in  the  concentrated  state  with  alcohol,  but  remains  as  a  heavy 
stratum  at  the  bottom ;  but  in  tlie  dilute  state,  the  chloride,  unlike 
the  other  salts,  is  not  precipitated  by  alcohol.  The  salts  of  acetylam- 
monium are  very  hygroscopic,  becoming  moist  in  a  few  seconds  after 
drying.     They  are  all  insoluble  in  ether  : 

Ilydrated  oxide  of  acetylammonium,  "^  yP  \  NO .  HO,  is  iso- 
meric w^tli  aldehyde  ammonia  C4H4O2  •  H3N  ;  and  though  it  has 
certain  properties  in  common  with  that  compound,  e.  g.  the  reaction 
with  silver-salts,  it  is  nevertheless  sufficiently  distinguished  therefrom 
by  its  fixity,  its  basic  qualities,  and  its  permanency  in  presence  of 
acids  and  alkalies.  The  most  remarkable  and  interesting  point  con- 
nected with  this  base  is  its  non-volatility.  It  is,  in  fact,  a  fixed 
alkali,  like  the  bases  of  H  of  mannas  fourth  series  ;  and  though  much 
kss  complex  than  those  bases,  is  neverthlcss  permanent  at  ordinary 
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temperatures,  and  is  not  resolved  into  water  and  acetylamine^  even 
when  heated.  Its  existence  affords  one  more  argument  in  favour  of 
the  ammouium-tlieory,  tending  in  fact  to  show  that  the  ammonium- 
oxides  are  the  true  bases,  while  ammonia  and  the  compound  ammonias 
are  merely  products  resulting  from  their  decomposition. 

It  is  very  probable  that  by  treating  the  aqueous  solution  of  oxide  of 
acetylammonium  with  fresh  quantities  of  chloride  of  ethylene,  a  greater 
number  of  equivalents  of  hydrogen  may  be  replaced  by  acetyl,  and 
that  by  treating  it  with  alcohol-radicals,  a  series  of  new  fixed  alkaloids 
may  be  formed. 

Tnvesti2;ations  in  the  same  directions  as  th3se  of  Natan  son  above  de- 
scribed,  but  with  somewhat  different  results,  have  been  made  by  Cloez.* 
This  chemist  has  examined  the  action  of  ammonia  in  the  state  of 
alcoholic  solution  on  bromide  of  ethylene,  C4H^Br2  or  C4H3Br  .  HBr. 
He  finds  that  these  bodies  do  not  act  upon  another  in  the  cold,  but 
tiiat,  wlien  the  mixture  is  enclosed  in  sealed  tubes  and  heated  for  two 
or  three  hours  in  boiling  water,  a  copious  deposit  of  bromide  of  ammo- 
nium is  formed,  which  increases  on  cooling.  The  action  is  completed 
in  twelve  hours  ;  and  if  the  ammoniacal  liquid  be  then  filtered  from 
the  saline  deposit  and  evaporated,  there  remains  a  solid  deliquescent 
residue,  which,  wdien  heated  with  a  mixture  of  lime  and  potash,  gives 
off,  first  a  very  caustic  transparent  liquid  having  a  decided  ammo- 
niacal odour,  afterwards  a  viscid,  and  at  last  a  thick  glutinous  liquid. 
If  the  distillate  be  left  for  twenty-four  hours  in  contact  Vv^ith  fused 
caustic  potash,  and  then  rectified,  about  one-third  passes  over  between 
110°  and  llo'^  C,  the  rest  at  a  temperature  above  350*^.  The  more 
volatile  portion  is  a  transparent  colourless  liquid,  having  a  faint 
ammoniacal  odour  and  very  caustic  taste ;  it  has  an  alkaline  reaction, 
neutralises  acids,  and  forms  wuth  them  salts,  most  of  which  crystallise 
readily.  The  formula  of  this  base  is  C2H3N.  Cloez  calls  it  Formiline 
(better  perhaps  Formylamwe),  inasiTiuch  as  it  may  be  regarded  as 
amxmonia  in  which  1  eq.  H  is  replaced  by  1  eq.  formyl,  C2H.  For- 
mylamine  acts,  even  at  ordinary  temperatures,  upon  the  bromides  of 
methyl,  ethyl,  and  amyl,  forming  new  liquid  bases,  whose  composition 
may  easily  be  predicted. 

The  crude  product  from  which  the  formylamine  has  been  distilled 
yields  a  second  base  which  boils  at  200°,  and  is  regarded  by  Cloez  as 
Aceiyliac  or  Acetylamine,  although  the  analyses  which  have  been 
made  of  it  do  not  establish  the  formula  very  precisely. 

*  Institut,  1853,  213;  Liebig  and  Kopp's  Jahresbericht,  1853,  468. 
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Compouufls  of  the  Ketones  witli  Alkaline  Bisulphites.^ 
By  Dr.  Linipricht. 

The   Ketones  form  with  alkaline   bisulphites  crystalline  compounds 
siaiilar  to  those  which  Bertagnini  has  obtained  with  the  aldehydes. 

1.  Pure  acetone^  agitated  with  a  concentrated  solution  of  bisulphite 
of  soda,  dissolves  with  considerable  evolution  of  heat,  and  the  liquid 
on  cooling  yields  laminae  of  the  sulphite  of  acetone  and  soda.  These 
crystals  dissolve  pretty  easily  in  water,  less  readily  in  alcohol ;  when 
they  are  heated  alone,  empjTeumatic  products  are  evolved;  on  dis- 
tilling them  with  an  alkaline  carbonate,  pure  acetone  passes  over. 
For  analysis,  they  were  freed  from  the  mother-liquor  by  pressure 
between  paper,  and  dried  over  sulphuric  acid : — 

Calculated.  Found. 

6  C      ...     36  22-2  21-3 

7  H      ...       7  4-3  4-1 
3  0      ...     24           148                 15-7 

NaO      .     .     31  19-1  19-2 

2  SO2.     .     .     64  39-6  39-7 

Na07c6H6O2 .  2SO2  + Aq.     162         lOO'O  lOO'O 

2.  The  compound  of  acetone  with  bisulphite  of  potash  is  prepared 
like  the  soda-compound,  and  resembles  it  in  all  its  properties.  It 
gave  by  analysis  27*21  per  cent,  of  potash,  agreeing  very  nearly  with 
the  formula  KO  .  CgHg02  .  2SO2,  which  requires  27-81  per  cent. 

3.  When  acetone  is  mixed  with  a  very  strong  solution  of  bisulphite 
of  ammonia,  it  dissolves  with  so  great  a  rise  of  temperature,  that  the 
mixture  begins  to  boil ;  nevertheless,  it  does  not  deposit  any  crystals 
on  cooling.  After  evaporation,  the  compound  remains  in  the  solid 
form,  but  stdl  mixed  with  bisulphite  of  ammonia.  The  author  has 
not  yet  obtained  it  in  the  pure  state. 

Sulphite  of  acetone  and  ammonia  distilled  with  excess  of  lime  (as 
in  Gossmann's  process,  see  page  160)  yields  a  volatile  base,  which 
may  be  separated  from  the  ammonia  that  passes  over  with  it  by 
treating  the  dry  hydrochlorates  with  absolute  alcohol.  When  the 
salt  which  remains  on  evaporating  the  alcoholic  solution  is  treated 
with  potash,  a  strong  ammoniacal  odour  is  evolved,  and  an  inflam- 
mable vapour  given  off. 

By  agitating  a  concentrated  solution  of  an  alkaline  bisulphite  with 
the  liquid  containing  butyral  and  butyrone  obtained  by  distilling 
butyrate  of  lime,  or  with  the  mixture  of  valeral  and  valerone  ])ro- 
duccd  in  a  similar  manner  from  valerate  of  lime,  results  were  obtained 
showing,    first,    that    butyrone   and    valerone    behave    with    alkaline 

*  Ann.  Ch.  Phann.  xciii.  238. 
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bisulphites  in  the  same  manner  as  acetone,  and  consequently,  that 
the  same  may  very  probably  be  predicted  of  all  ketones  ;  secondly, 
that  butyral  and  valeral,  which,  on  account  of  their  boiling-points  and 
their  reaction  with  ammonia,  have  been  regarded  as  not  identical  with 
the  aldehydes  of  butyric  and  valerianic  acids,  at  least  resemble  the 
aldehydes  in  their  behaviour  with  alkaline  bisulphites. 

The  compounds  of  ketones  with  alkaline  bisulphites  may,  perhaps, 
throw  some  li^-ht  on  their  rational  formulae.     Gerhardt   derives  the 

aldehydes  from  the  type  hydrogen  yr  }  >  by  substituting  1  atom  of  the 

oxygen-radical  of  the  corresponding  acid  (othyl  or  acetyl  C4H3O2,  for 
example,  in  the  case  of  acetic   acid)    for   1   atom   hydrogen :    thus, 

common  aldehyde  —  '^^^  ^  |  .  Now,  in  the  compounds  of  the  alde- 
hydes with  alkaline  bisulphites,  the  other  atom  of  hydrogen  is  replaced 
by  the  alkali-metal :  e.  g.      '^  ^^    ^  J  S^O^.     The  ketones  are  derived 

from  the  same  type,  and  are  regarded  as  aldehydes,  in  which  the 
second  atom  of  hydrogen  is  replaced  by  an   alcohol-radical,  thus : 

acetone  =    A  ?r  '^  | .       This  mode  of  representation,  however,  does 

not  explain  the  formation  of  compounds  of  ketones  with  the  alkaline 
bisulphites,  because  the  place  of  the  atom  of  hydrogen,  which  should 
be  replaced  by  the  alkali-metal,  is  already  occupied  by  an  alcohol-radical. 

But  if  the  formula  of  acetone  be  written  thus,    '*    ^l   23)    2)  |  ^which 

amounts  to  supposing  that  an  atom  of  hydrogen  in  the  oxygen-radical 
itself  is  re})laced  by  methyl  (as  in  gaultheria-oil),  the  difficulty  just 
mentioned  will  be  removed,  and  the  rational  formula  of  sulphite  of 
acetone  and  soda  will  be — 


CAlc^iyo^igp^,^^^^ 


On  Caprylic  Aldehyde.* 
By  Dr.  Limpriclit. 


The  liquid  product  obtained  by  distilling  castor-oil  or  its  soaps  with 
hydrate  of  potash,  is  stated  by  Bonis, f  Cahours,J  Moschnin,§ 
and  S quire, II  to  be  caprylic  alcohol,  CigHi802;  Wills  and  Railton,^ 

^  Ann.  Ch.  Pbarm.  xciii.  242. 

t  Compt.  rend,  xxxviii.  935;  Ann.  Ch.  Phys,  [3]  xliv.  77;  Chem.  Soc.  Qu.  J.  vii.  286, 

;j:  Compt.  rend,  xxxix.  254. 

§  Ann.  Ch.  Pharm.  Ixxxvii.  111. 

II  Chem.  Soc.  Qu.  J.  vii.  108. 

t  Ibid.  vi.  208,  307. 
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on  the  other  hand,  regard  it  as  oenanthylic  alcohol,  Ci,jHig02. 
According  to  Limpricht,  however^  it  is  not  an  alcohol  at  all,  but 
caprylic  aldehyde,  Ci,5Hi50.2.  This  conclusion  is  based  on  the  fact 
that  the  liquid  in  question^  when  mixed  with  a  concentrated  solution 
of  bisulphate  of  potash  or  soda,  yields  a  large  quantity  of  a  crystalline 
compound  (a  property  belonging  to  the  aldehydes  and  acetones^  but 
not  to  the  alcohols)  ;  and  that  this  compound,  when  freed  from  the 
mother-liquor  by  pressure  between  paper,  washed  with  cold  alcohol, 
dried  over  sulphuric  acid,  and  then  dissolved  in  hot  water,  yields  pure 
caprylic  aldehyde.  In  fact,  the  liquid  thus  obtained,  after  being 
dried  over  chloride  of  calcium,  and  rectified  till  it  boiled  constantly 
at  178°,  yielded  by  analysis  74i'66  (mean)  per  cent,  of  carbon,  and 
12*76  of  hydrogen,  numbers  agreeing  very  nearly  with  the  formula 
of  caprylic  aldehyde,  which  requires  75*0  per  cent,  carbon  and  12*5 
of  hydrogen. 

The  crystalline  compounds  of  this  aldehyde  cannot  be  purified  by 
crystallisation ;  moreover,  they  undergo  a  slow  spontaneous  decom- 
position, continually  giving  off  sulphurous  acid  :  hence  they  are  not  well 
adapted  for  analysis.  The  potash-salt,  when  purified  as  completely 
as  possible,  exhibited  too  great  a  quantity  of  potash  and   too  little 

sulphurous  acid  to  agree  with  the  formula,    ^^tt-^^    ^|  S2O4  +  3Aq.  ; 

but  the  proportions  of  carbon  and  hydrogen  found  by  combustion 
agreed  very  closely  with  that  formula. 

Caprylic  aldehyde  turns  acid  on  exposure  to  the  air,  like  other 
aldehydes, — a  fact  which  explains  the  result  obtained  by  Rail  ton, 
who,  by  passing  oxygen  gas  through  his  supposed  oenanthyLc  alcohol, 
obtained  a  large  quantity  of  acid. 

[The  experiments  just  described  certainly  show  that  caprylic  alde- 
hyde occurs  among  the  products  of  the  distillation  of  castor-oil  with 
hydrate  of  potash,  and  that  it  may  be  separated  out  by  combination 
with  alkaline  bisulphites ;  but  they  by  no  means  prove  that  it  is  the 
only  product.  On  the  other  hand,  the  very  exact  analytical  results 
obtained  by  Bonis,  and  the  numerous  derived  compounds  obtained 
by  himself  and  others,  establish  beyond  doubt  that  caprylic  alcohol 
is  not  only  a  product,  but  one  of  the  chief  products  of  the  decom- 
position ;  and  the  experiments  of  Wills  and  Railton  also  render  it 
probable  that  oenanthylic  alcohol  is  sometimes  obtained  by  the  same 
process. — Ed.] 


in 


Chemical  Notices.* 
By    H .    L.  i  sii  15  r  i  c  ii  t . 

1.  Preparation  of  Leucin  from  the  Aldehyde  of  Valejnanic  Acid.—^ 
The  reaction  on  which  this  mode  of  preparing  leucin  depends  is 
similar  to  that  by  which  Strecker  obtained  alanine  from  the  alde- 
hyde of  acetic  acid.  The  ammoniacal  compound  of  valeral  is  boiled 
in  a  retort  with  hydrocyanic  and  hydrochloric  acid,  till  the  oily  layer, 
consisting  of  the  fused  ammonia-compound,  has  completely  dis- 
appeared. The  greater  part  of  the  sal-ammoniac  is  then  left  to 
crystallise  out ;  the  hydrochloric  acid  removed  by  hydrated  oxide  of 
lead ;  the  lead  by  sulphuretted  hydrogen  ;  and  lastly,  the  residue 
which  remains  after  evaporating  the  filtrate,  crystallised  from  hot 
dilute  alcohol.  The  laminse  thu«  obtained  exhibit  the  reaction  and 
composition  of  leucin,  viz.  : — 

Calculatecl.  Found. 


12  C      . 

.     .     72 

549 

54-9 

13  H     . 

.     .      i3 

9i) 

100 

N      . 

.     .     14 

10-7 

4  0      . 

.     .     32 

24-5 

C12H13NO4  131       100.0 

2.  On  the  Metaldehyde  of  Valerianic  Acid. — It  is  stated  by 
Parkinson,t  that  an  isomeric  modification  of  valeral  is  obtained, 
(1)  in  the  preparation  of  that  body  by  the  action  of  sulphuric  acid 
and  chromate  of  potash  on  fusel-oil ;  (2)  when  valeral  is  heated  above 
its  boiling  point ;  (3)  by  heating  the  sulphite  of  valeral  and  soda  with 
dry  carbonate  of  soda.  According  to  Limpricht,  however,  no  such 
niodiHcation  is  obtained  by  either  of  these  processes. 

3.  Easy  Method  of  Preparing  Chloride  of  Ethylene. — A  tubulated 
retort  is  half  filled  with  a  mixture  of  2  parts  black  oxide  of  manganese, 
3  parts  common  salt,  4  parts  water,  and  5  parts  sulphuric  acid,  and 
loosely  connected  with  a  Hask  to  serve  as  receiver.  defiant  gas  is 
then  passed  into  the  mixture  by  means  of  a  tube  passing  through  the 
cork  of  the  tubulure,  and  dipping  half  an  inch  below  the  surface  of 
the  liquid.  So  long  as  the  gas  is  passing  through  the  mixture,  the 
retort  must  be  only  very  gently  heated, — as  by  placing  under  it  a 
single  red-hot  coal, — and  the  resulting  chloride  of  ethylene  afterwards 
distjUed  over  at  a  higher  temperature.  If  this  precaution  be  attended 
to  in  heating  the  chlorine-mixture,  the  operator  will  not  be  annoyed 
by  escape  of  chlorine. 

Where  coal-gas  is  at   hand,  it  will   naturally  furnish    the  readiest 

*  Ann.  Cli.  riiarm.  xciv.  243.  f  Ibid.  xc.  114. 
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source  of  ethylene  ;  but  when  that  is  not  the  case,  the  olefiant  gas 
may  be  readily  prepared  from  alcohol  and  sulphuric  acid,  by  adopting 
Wohler's  method  of  adding  sand  to  the  mixture  in  sufficient  quantity 
to  make  it  into  a  thick  paste,  this  addition  completely  preventing  the 
frothing  which  otherwise  causes  so  much  inconvenience.  The  crude 
product  thus  obtained  in  an  hour  and  a  half  from  2  ounces  of  alcohol 
yielded  1  ounce  of  pure  chloride  of  ethylene. 

The  arrangement  just  described  is  peculiarly  well  adapted  for  con- 
densing the  gases  homologous  with  ethylene,  when  it  is  desired  to 
submit  them  to  further  examination,  for  which  purpose  they  were 
formerly  collected  in  gasometers  over  water,  and  converted  into  liquid 
bromides  by  contact  with  bromine.  If,  for  example,  we  wish  to 
examine  the  hydrocarbons  homologous  with  ethylene,  which  are 
obtained  by  heating  valerate  of  baryta,  the  retort  containing  that  salt 
may  be  connected  air-tight  with  a  tubulated  and  well-cooled  receiver 
to  condense  the  liquid  products,  and  the  gases  not  condensed  in  the 
receiver  made  to  pass  into  the  chlorine-mixture. 

4.  The  following  compounds,  usually  regarded  as  aldehydes  and 
ketones,  do  not  combine  with  alkaline  bisulphites,  either  when  agitated 
and  heated  with  an  aqueous  solution  of  the  potash  or  soda-salt,  or 
when  their  alcoholic  solution  is  mixed  with  an  alcoholic  solution  of 
the  ammonia-salt. 

Myristone,  prepared  by  dry  distillation  of  myristate  of  lime  ;  a 
mixture  of  Falmitone  and  Stearone,  obtained  by  quickly  heating 
margaric  acid  with  excess  of  lime ;  Benzophenone,  prepared  in  a 
similar  manner  from  benzoate  of  lime ;  Phorone,  from  caiuphorate  of 
lime;  Palmitic  aldehyde,  obtained  by  oxidising  ethal  witli  a  mixture 
of  chromate  of  potash  and  sulphuric  acid. 

Hence  it  appears  that  the  property  of  combining  with  alkaline 
bisulphites  does  not  belong  to  all  aldehydes  and  ketones, — or,  per- 
haps, the  bodies  just  mentioned  do  not  belong  to  citlier  of  these 
groups. 


On   rosnpountl  fJreas. 
By  N.   Zinin'^   and  F.    MolflcnSiauer. f 

The  researches  of  Cliancel,  Wurtz,  and  Ilofmann,  have  brouglit 
to  light  a  number  of  compounds  which  may  be  regarded  as  urea,  in 

*  J.  pr.  Chem.lxii.  355,  Ann.  Ch.  Phys.  [3]  xliv.  57. 

t  Ann.  Ch.  Pharm,  xciv.  100.  The  experiments  of  Zinin  and  Moldenliaiier 
appear  to  have  been  made  about  tlie  same  time  and  independently  of  each  otlier. 
Zinin' s  paper,  however,  was  published  first,  containing  a  full  description  of  the 
acetyl  and  benzoyl  ureas,  and  a  shght  notice  of  the  other  two  compounds.  The 
description  and  analysis  of  these  latter  is  due  to  Moldenluiuer. 
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which  one  or  more  equivalents  of  hydrogen  are  replaced  by  a  corre- 
sponding number  of  equivalents  of  a  hydrocabon.  The  following 
experiments  show  in  like  manner  that  the  hydrogen  in  urea  may  be 
replaced  by  oxygen-radicals  : — 

1.  Acetureid,  AceUjl-urea,ov  Othyl-urea,   Q^  r  H^O  I  ^2^2-  — 

When  chloride  of  othyl,  C4H3O2  .  CI,  is  poured  upon  dry  urea,  the 
action  commences  immediately;  the  mixture  becomes  spontaneously 
heated ;  the  chloride  of  othyl  volatilises ;  and  the  liquid  is  gradually 
converted  into  a  white  viscous  mass.  When  this  substance  is  kept  for 
some  minutes  at  a  temperature  of  120°  C,  it  loses  altogether  the 
odour  of  chloride  of  othyl,  and  if  treated  with  ether  after  cooling,  docs 
not  yield  anything  to  that  solvent.  The  residue  dissolved  in  hot 
alcohol  crystallises  from  that  solution  in  long  needles  with  rectangular 
base,  generally  striated,  and  having  a  bright  white  colour  and  silky 
lustre.  One  ])art  of  this  body  dissolves  in  10  parts  of  boiling  alcohol, 
but  requires  100  parts  of  cold  alcohol  to  dissolve  it.  Hot  water 
dissolves  it  more  readily  than  alcohol,  and  deposits  it  on  cooling  in 
stellate  groups  of  prisms  with  rhomboidal  bases  and  dihedral  summits. 
In  the  formation  of  this  compound,  the  reaction  takes  place  between 
1  eq.  of  chloride  of  othyl  and  1  eq.  urea  : — 

C2H4N2O2  +  C4H3O2  .  CI  =  HCl  -f  C2(.  {{-^Q  JN^O^. 

An  excess  of  urea  appears,  however,  to  be  advantageous  in  the  pre- 
paration. According  to  Zinin,  the  best  proportions  are  2  eq.  urea 
to  1  eq.  chloride  of  othyl. 

The  composition  of  othyl-urea  is  as  follows  : — 


Calculated. 

Zinin. 

Moldenhauer 

6C   .     . 
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35-29 

'      35-56 

35-29 

6H  .     . 

.       6 
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2  N  .     . 

.     28 

27  45 
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40    .     . 
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C,H,N,0, 
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100-00 

100-00 

When  othyl-urea  is  heated  on  platinum-foil,  white  vapours  are 
evolved,  and  the  crystals  become  covered  with  a  woolly  sublimate. 
At  a  higher  temperature,  the  Vvhole  volatilises.  When  it  is  heated  in 
a  tube,  the  sublimate  makes  its  appearance  at  160°C.,  and  at  200° 
the  substance  melts  to  a  transparent  liquid,  which  on  evaporation  is 
converted  into  a  crystalline  mass  soluble  in  water  and  alcohol.  The 
spirituous  solution  jdelds  by  evaporation,  crystalline  nodules  composed 
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of  thick  shortened  rhomboidal  prisms.  At  a  still  higher  temjDerature, 
othyl-urea  is  resolved  into  othylamide  and  cyanuric  acid  : — 

Othyl-urea.  Cyanuric  acid.  Otiiylamide. 

Potash  decomposes  othyl-urea  into  carbonic  acid,  acetic  acid,  and 
ammonia. 

^2c  n'oj  ^^02+  3KHO2  =  C2K2O,  +  C4H3KO4  +  2NH3. 

2.  Butyryl-urea,  C^qRyo^ 2^4:  —  ^2  r  tj^o   }^^202^  obtained  like 

the  preceding  by  the  action  of  chloride  of  butyryl  on  urea.  Crystal- 
lises readily  from  water  in  small  crystalline  scales  ;  from  alcohol  in 
very  thin,  vsomewhat  elongated,  highly  lustrous  lainiuse,  which  appear 
to  belong  to  the  rhombic  system.  It  is  inodorous  and  tasteless,  and 
melts  at  176°  to  a  yellowish  liquid,  which  solidifies  again  in  the  crys- 
talline form  on  cooling;  at  a  high  temperature,  it  decomposes  like 
othyl-urea.  This  compound  in  the  state  of  aqueous  solution  is  not 
precipitated  either  by  nitric  and  oxalic  acid,  or  by  mercuric  nitrate. 
The  mean  of  two  analyses  gave  45*68  per  cent,  of  carbon  and  7'53 
hydrogen;  the  formula  requires  46*15  C,  and  7*69  li. 

3.  Valeryl-urea,  C^o^^^^^fi^  =  C^r    M^n  \  '^1  ^2-  —  Obtained 

by  the  action  of  chloride  of  valeryl  on  '  urea.*  It  is  nearly  in- 
soluble in  cold  water  and  alcohol.  From  the  hot  aqueous  solution 
it  is  deposited  in  microscopic  lamina?,  having  a  pearly  lustre,  and  soft 
and  unctuous  to  the  touch ,  the  alcoholic  solution  yields  thin  needles, 
which,  under  the  microscope,  appear  like  transparent  four-sided 
prisms.  It  melts  at  191°  C,  and  when  carefully  heated  in  a  tube, 
yields  a  crystalline  sublimate  of  broad  iridescent  laminae.  Analysis 
gave  49*57  per  cent,  carbon;  and  8*79  hydrogen;  the  formula 
requires  50  00  C,  and  8*33  H. 

4.  Benzoyl-urea,C-^^^oO^=^  C^n    ^\'^f\   (  ^^oO.,.  ^ — This  body 

is  obtained  by  heating  a  mixture  of  2  eq.  urea  and  1  eq.  chloride  of 
benzoyl  in  an  oil-bath  to  150  or  155°,  care  being  taken  that  the  tem- 
perature, which  increases  as  soon  as  the  action  commences,  does  not 
rise  above  160°:  for  this  reason  it  is  best  not  to  operate  on  more  than 
12  or  15  grammes  at  once.    On  treating  the  cooled  and  pulverised  mass 

*  Chloride  of  valeryl,  not  previously  known,  was  obtained  by  the  action  of  oxy- 
chloride  of  phospliorus  on  valerate  of  gcda.  It  is  a  colourless,  very  mobile  liquid, 
which  fumes  strongly  in  tlie  air,  and  is  resolvi'd  by  water  into  liydroclilorii;  and 
valerianic  acids  (M olden hauer). 
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with  cold  alcohol,  hydrochloric  acid  and  the  excess  of  urea  dissolve, 
and  there  remains  a  crystalHne  powder,  which,  when  dissolved  in 
boiling  alcohol,  yields,  on  cooling,  thin  rectangular  laminae  of  benzoyl- 
urea,  often  with  pr'inted  summits.  These  crystals  are  very  brilliant, 
and  resemble  those  of  benzoic  acid,  but  are  distinguished  therefrom 
by  their  solubility  in  alcohol.  One  part  of  benzoyl-urea  dissolves  in 
10  parts  of  boiling  and  100  parts  of  cold  alcohol ;  in  water  and  ether 
it  is  still  less  soluble.  Hot  hydrochloric  acid  dissolves  the  crystals 
without  alteration,  and  deposits  them  on  cooling.  Nitric  acid  decom- 
poses benzoyl-urea,  with  formation  of  benzoic  acid.  Ammonia  does 
not  alter  it.  Potash  dissolves  it  in  the  cold,  and  decomposes  it  at  a 
boiling  heat,  with  evolution  of  ammonia.  Heated  in  a  tube  to  200°  C. 
it  melts,  without  alteration  of  weight,  into  a  colourless  liquid,  which 
on  cooling  solidifies  in  a  crystalline  mass,  having  the  same  composi- 
tion as  benzoyl-urea,  but  different  properties,  dissolving  more  readily  in 
water,  and  crystallising  differently.  Benzoyl-urea  heated  above  its 
melting  point  froths  up,  becomes  filled  with  crystals  of  benzzamide, 
and  leaves  a  residue  of  cyanuric  acid  : — 

<C.c  J:oJNA)  =  C,H3N30«  +  3(n  {^Jl^). 


On  a  new  Mode  of  Formation  of  Ethylamine,  Amarine,  and  Lophlne."^ 
By  A.  GQssmann. 

1.  Ethylamine. — When  bisulphite  of  aldehyde-ammonia  is  heated 
with  lime,  ethylamine  is  evolved,  and  the  sulphurous  acid  is  converted 
into  sulphuric  acid  : — 

C4H4O2  .  NH3  .  2  SO2  =  2SO3  -f  C4H7N. 

To  obtain  ethylamine  by  this  decomposition,  it  is  by  no  means  necessary 
to  go  through  the  troublesome  process  of  preparing  crystallised 
aldehyde-ammonia;  it  is  sufficient  to  take  the  crude  distillate  containing 
aldehyde,  which  is  obtained  by  acting  on  alcohol  with  sulphuric  acid 
and  peroxide  of  manganese  (or  bichromate  of  potash);  mix  it  with  the 
requisite  quantity  of  bisulphite  of  ammonia;  evaporate  to  dryness;  mix 
the  perfectly  dry  saline  mass  with  four  times  its  weight  of  a  mixture  of 
quick  and  slaked  lime ;  and  distil  it  in  a  retort  provided  with  a  bent 
tube  for  conveying  the  evolved  gas  into  dilute  hydrochloric  acid. 
The  distillation  mu»t  be  performed  immediately  after  the  mixture  is 
made,  and  the  mass  must  be  heated  as  quickly  and  as  strongly  as 
possible;  otherwise  aldehyde  and  ammonia  pass  over:  the  latter  is 
always  evolved  when  an  excess  of  bisulphite  of  ammonia  has  been 

*  Ann.  Ch.  Pharm.  xci.  122 ;  xciii.  329. 
VOL.   VI 11.^ — NO.  XXX.  M 
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added.  The  sal-ammoniac  thus  formed  is^  however,  easily  removed  by 
a  mixture  of  alcohol  and  ether,  which  dissolves  the  hydrochlorate  of 
ethylamine,  but  leaves  the  sal-ammoniac  undissolved. 

2.  Formatioti  of  Amarine  and  Lophine. — Since,  as  shown  by  Ber- 
tag-nini,  it  is  a  general  property  of  aldehydes  to  unite  with  alkaline 
bisulphites,  producing  compounds  similar  to  that  formed  by  ordinary 
aldehyde,  it  appeared  probable  that  they  would  also,  when  treated  in 
the  manner  just  described,  yield  organic  bases.  This  expectation  has 
been  verified  with  regard  to  bitter  almond  oil.  The  sulphurous  acid 
compound  was  prepared  by  mixing  a  concentrated  alcoholic  solution 
of  acid  sulphite  of  ammonia  with  a  sufficient  quantity  of  bitter  almond 
oil,  collecting  the  resulting  crystalline  mass  after  it  had  ceased  to  in- 
crease in  quantity,  and  drying  it.  The  perfectly  dried  mass  was  then 
mixed  with  three  or  four  times  its  volume  of  very  dry  and  recently 
prepared  hydrate  of  lime ;  the  mixture  introduced  into  a  capacious 
retort,  and  covered  with  a  thin  layer  of  lime  ;  and  the  retort,  after 
being  connected  with  a  well-cooled  receiver,  was  surrounded  as  quickly 
as  possible  with  hot  coals,  and  heated  to  180° — 200°  C.  The  cool 
part  of  the  neck  of  the  retort  then  immediately  became  covered  with  a 
white  amorphous-looking  mass,  which,  as  the  heat  increased,  ran  down 
into  the  receiver  in  oily  drops.  This  substance  is  amarine.  The 
heating  was  continued  as  long  as  oily  striae  appeared  in  the  neck  of 
the  retort,  and  the  sublimate  in  the  hottest  part  of  it  continued  to 
increase. 

When  the  operation  is  properly  conducted,  the  amarine  is  found, 
partly  in  the  receiver,  suspended  in  an  ammoniacal  liquid  rendered 
turbid  by  the  presence  of  a  small  quantity  of  bitter  almond  oil,  partly 
in  the  lower  part  of  the  neck  of  the  retort.  In  the  upper  part  there 
is  always  found  another  substance,  partly  detached  in  tuft-like  groups 
of  needles,  partly  coating  the  glass  in  radiating  masses.  This  second 
body  is  Lophine. 

To  collect  the  amarine,  and  separate  it  from  a  small  quantity  of 
oily  products,  it  is  rinsed  into  the  receiver  with  a  small  quantity  of 
cold  alcohol,  dissolved  by  addition  of  alcohol  and  hydrochloric  acid, 
precipitated  by  ammonia,  and  purified  by  recrystallisation  and  treat- 
ment with  animal  charcoal.  The  hydrochlorate  of  this  base  yielded 
the  following  results  by  analysis  : — 
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The  chloroplatinate  left  on  ignition  19'8  per  cent,  of  platinum ; 
the  foi-mula  C42HjgN2Cl .  PtCl2  requires  19-58  per  cent. 

The  lophine  Avhich  collected  in  the  upper  part  of  the  retort  and  of 
its  neck,  was  dissolved  in  hot  alcohol,  treated  with  animal  charcoal, 
and  recrystallised.  It  was  in  most  cases  so  pure  that,  after  one 
recrystallisution,  it  exhibited  the  appearance  of  dazzling  white  needles. 
It  melted  at  265°  C,  volatilising  at  the  same  time  unchanged,  and 
solidifying  on  cooling  in  a  beautiful  radiated  mass.  Its  composition 
is  as  follows  : — 

Calculated.  Found. 

46  C   .  .  276       85-98     85-69 
17  II   .  .  17        5-30      5-5 

2  N   .  .  28        8-72 


C46H17N2  321  10000 

The  chloroplatinate  left  after  ignition  18"  89  per  cent,  of  platinum  ; 
the  formula  C^8Hi8N2Cl .  PtCl2  requires  18-72  per  cent. 

The  formation  of  lophine  begins  only  when  the  retort  has  attained 
a  very  high  temperature,  and  probably  arises  from  the  amarine  formed 
in  the  interior  of  the  mass  not  being  able  to  escape  before  the  tempe- 
rature of  the  outer  parts  has  risen  high  enough  to  decompose  it.  It 
may,  therefore,  be  greatly  promoted  by  using  a  capacious  retort,  heating 
it  very  strongly  and  suddenly,  and  covering  the  upper  part  immediately 
with  red-hot  coals,  beginning  from  the  front,  so  as  to  fulfil  as  quickly  as 
possible  all  the  conditions  which  are  essential  to  cause  the  amarine  to 
pass  through  a  strongly  heated  space.  By  attending  to  these  direc- 
tions, needles  of  lophine  more  than  an  inch  long  may  be  obtained, 
even  with  small  quantities  of  material. 

In  the  preparation  of  amarine  and  lophine,  as  in  that  of  ethylamine, 
it  is  not  absolutely  necessary  first  to  prepare  the  crystallised  com- 
pound of  the  aldehyde  with  acid  sulphite  of  ammonia ;  it  is  sufficient 
to  mix  a  highly  concentrated  solution  of  acid  sulphite  of  ammonia 
with  the  corresponding  quantity  of  bitter  almond  oil  dissolved  in  a 
little  alcohol ;  evaporate  to  dryness  as  quickly  as  possible  over  the 
water-bath;  and  mix  the  resulting  mass  immediately  with  recently 
prepared  and  perfectly  dry  hydrate  of  lime  :  if  the  mass  be  used  before 
it  is  thoroughly  dry,  or  if  the  hydrate  of  lime  be  very  moist,  the 
compound  is  for  the  most  part  resolved,  during  the  distillation,  into 
ammonia  and  bitter  almond  oil.  As,  however,  this  mode  of  proceeding 
always  gives  rise  to  the  formation  of  a  certain  quantity  of  benzoic  acid 
in  the  mass,  a  quajitity  of  benzol  corresponding  to  this  admixture  of 
benzoic  acid  is  always  found  in  the  distillate ;  an  impurity,  however, 
which  is  not  very  difficult  to  remove,  inasmuch  as  it  volatilises  very 
quickly  when  the  product  of  the  distillation  is  heated  to  80°  or  90°  C. 
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On  Telluromethyl.* 

By  F.   WOhler  and  J.   Dean. 

This  compound  is  obtained  by  a  process  exactly  similar  to  that  which 
is  adopted  for  the  preparation  of  tellurethyl,t  namely,  by  distilling 
tellaride  of  potassium  with  a  tolerably  strong  solution  of  sulphome- 
thylate  of  baryta  :  the  reaction  goes  on  very  easily.  The  distillation 
was  continued  as  long  as  drops  of  oil  continued  to  pass  over  with  the 
water. 

Telluromethyl  is  a  pale  yellow,  mobile  liquid,  which  sinks  in  water, 
and  does  not  mix  with  it.  Its  odour  is  extremely  unpleasant,  like 
that  of  garlic,  very  intense,  and  so  persistent  that  even  the  breath 
of  the  operator  becomes  affected  by  it.  It  was  found  to  boil  at  S2°  C.J 
Its  vapour  is  yellow,  like  that  of  tellurium  itself.  It  fumes  slightly  in 
the  air  from  oxidation.  When  set  on  fire,  it  burns  with  a  light  bluish 
white  flame,  giving  off  a  thick  vapour  of  tellurous  acid. 

Telluromethyl,  C2H3Te,  like  tellurethyl,  has  the  chemical  relations 
of  a  radical  or  metal.  It  forms  a  basic  oxide  and  corresponding 
haloid  compounds. 

Oxide  of  Telluromethyl,  C.2H3TeO. — Formed  by  heating  telluro- 
methyl with  moderately  strong  nitric  acid.  At  first,  a  portion  dis- 
solves with  reddish  yellow  colour  ;  then  suddenly  a  violent  action  takes 
place,  nitric  oxide  is  evolved,  and  a  colourless  solution  is  formed,  con- 
taining nitrate  of  telluromethyl,  which,  on  carefully  evaporating  the 
solution,  is  obtained  in  large  colourless  prisms.  This  salt  dissolves 
readily  in  water  and  in  alcohol ;  when  heated,  it  decomposes  with 
detonation.  It  is  the  material  from  which  all  the  other  compounds 
of  telluromethyl  are  obtained.  The  o^i^d*,  however,  is  most  conve- 
niently prrpared,  not  directly  from  the  nitrate,  but  by  decomposing 
the  chloride  or  iodide  with  oxide  of  silver.  Oxide  of  telluromethyl  in 
the  dried  state  is  indistinctly  crystalline.  When  exposed  to  the  air, 
it  deliquesces,  like  potash,  and  absorbs  carbonic  acid.  It  has  a  most 
nauseous  taste,  but  is  destitute  of  odour.  Its  solution  exhibits  a 
strong  alkaline  reaction  with  litmus  paper.  It  is  so  strong  an  alkali 
that  it  separates  ammonia  from  sal-ammoniac  even  at  ordinary 
temperatures,  and  forms  a  blue  precipitate  with  sulphate  of  copper. 
From  its  solution,  sulphurous  acid  immediately  throws  down  telluro- 
methyl in  the  form  of  an  oily,  stinking  liquid  :  hydrochloric  acid  pre- 
cipitates the  white  chloride ;  hydriodic  acid  the  red  iodide. 

*  Ann.  Ch.  Pharm.  xciii.  233. 

t  Ibid.  Ixxxiv.  79 ;  Chem.  Soc.  Qii.  J.  ri.  40. 

X  The  Yef\\  boiling-point  is  probably  80°  :  for  in  the  experiment  the  telluromethjl 
was  covered  with  a  thin  layer  of  water,  and  the  thermometer  did  not  dip  into  it 
immediately,  but  into  oil,  in  which  the  very  thin  tube  containing  the  telluromethyl 
i)pas  immersed.  If  tlie  boiling-point  be  80°,  that  of  tellurethyl,  which  has  not  yet 
been  determined  by  experiment,  must,  according  to  Kopp's  law,  be  99°. 
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Sulphate  of  Telluromethyl,  formed  by  directly  saturating  the  base 
with  the  acid,  crystallises  in  transparent  cubes,  very  regular,  and  of 
considerable  size.  It  dissolves  readily  in  water,  but  is  insoluble  in 
alcohol.  The  oxalate,  tartrate,  acetate,  and  formiate  are  easily  soluble. 
Chloride  of  Telluromethyl,  C2H3TeCl,  is  formed  as  a  thick  white 
precipitate  resembling  chloride  of  lead,  when  hydrochloric  acid  is  dropt 
into  the  solution  of  the  nitrate.  It  redissolves  when  heated,  and 
crystallises  on  cooling  in  long  thin  prisms,  resembling  corrosive  sub- 
limate. Melts  at  97"5°  C,  but  appears  not  to  be  capable  of  volatilising 
completely  without  decomposition.  Although  it  cannot  be  distilled 
with  water,  its  solution  has  nevertheless  a  faint  alliaceous  odour  when 
heated.  It  solidities  in  a  very  distinctly  crystalline  form.  Dissolves 
readily  iu  alcohol.  When  prepared  from  the  amorphous  nitrate,  it 
contains  tellurous  acid,  either  admixed  or  in  combination.  Does  not 
form  any  precipitate  with  bichloride  of  platinum. 

The  Oxychloride,  C2H3TeCl  +  C2H3TeO,  is  formed  by  dissolving 
the  chloride  in  ammonia.  The  solution,  when  evaporated,  yields  a 
mixture  of  sal-ammoniac  and  the  oxychloride,  which  may  be  separated 
by  alcohol.  The  oxychloride  forms  short  colourless  prisms.  Hydro- 
chloric acid  added  to  its  solution  precipitates  the  chloride. 

Bromide  of  Telluromethyl,  C2H3TeBr. — Produced  like  the  chloride, 
to  which  it  bears  a  strong  resemblance,  and  with  which  it  is  probably 
isomorphous.     Forms  shining  colourless  prisms,  and  melts  at  89^  C. 

Iodide  of  Telluromethyl. — Colourless  hydriodic  acid  or  solution  of 
iodide  of  potassium  dropped  into  a  solution  of  nitrate  or  chloride  of 
telluromethyl,  forms  a  bright  lemon-yellow  precipitate,  which  after  a 
while  changes  to  vermilion-red.  If  the  solutions  are  warm  when 
mixed,  the  precipitate  is  immediately  red  and  crystalline.  After 
drying  it  forms  a  vermilion-coloured  powder.  The  composition  of 
the  iodide  is  as  follows  : — 

Carbon  .... 

Hydrogen 

Tellurium 

Iodine   .... 

99-79  100-00 

Iodide  of  telluromethyl  dissolves  very  sparingly  in  cold,  much  more 
readily  in  warm  water.  Hot  alcohol  dissolves  it  in  large  quantity, 
forming  a  reddish-fellow  solution.  From  both  solutions  the  iodide 
crystallises  in  small,  shining,  vermilion-coloured  prisms,  the  alcoholic 
solution  yielding  the  larger  crystals.  The  crystals  yield  an  orange- 
yellow  powder.  Under  the  microscope  they  appear  orange-yellow  by 
transmitted  light,  and  certain  faces  exhibit  a  beautiful  blue  surface- 
colour. 
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When  the  cooled  alcohohc  solution  is  mixed  with  about  an  equal 
bulk  of  water,  the  iodide  is  thrown  down  as  a  lemon-yellow  preci- 
pitate. But  after  a  few  minutes,  a  movement  takes  place  among  the 
particles^  and  in  a  short  time  the  entire  precipitate  is  converted  into 
glimmering  crystalline  laminae  of  the  colour  of  vermilion.  Iodide  of 
telluromethyl,  therefore,  like  chloride  of  mercury,  exhibits  two  states, 
a  yellow  and  a  red,  connected  most  probably,  as  in  the  latter  substance, 
with  dimorphism.  The  yellow  modification,  however,  has  not  yet 
been  obtained  in  a  fixed  and  ciystalline  form.  The  alcoholic  solution, 
in  which  the  iodide  clearly  exists  in  the  yellow  form,  deposits  it  by 
spontaneous  evaporation  in  red  crystals ;  and  it  cannot  be  melted 
without  decomposition,  being  converted  into  black  iodide  of  tellurium, 
even  at  130°  C. 

A  solution  of  the  oxide  of  telluromethyl  dissolved  in  aqueous 
hydrocyanic  acid  did  not  yield  any  cyanogen  compound,  the  base 
separating  out  quite  unaltered  when  the  liquid  was  evaporated. 

When  sulphuretted  hydrogen  is  passed  into  a  solution  of  chlo- 
ride of  telluromethyl,  a  white  flocculent  precipitate  is  formed. 
(C2H3TeS  +  C2H3TeCl  ?),  which  afterwards  becomes  yellowish,  the 
liquid  acquiring  an  intensely  disgusting  odour.  If  it  be  then  distilled, 
there  passes  over  with  the  water  a  very  offensive,  heavy,  oily,  reddish- 
yellow  body,  which,  when  oxidised  with  aqua-regia,  yields  sulphuric 
acid.  When  a  solution  of  oxide  of  telluromethyl  is  saturated  with 
sulphuretted  hydrogen,  a  slight  whitish  turbidity  is  produced.  On 
distilling  the  liquid,  white  sulphur  separates  out,  as  soon  as  the  heat 
begins  to  act,  and  a  yellow  oil  passes  over,  which  appears  to  be  merely 
reduced  telluromethyl. 


On   Cuiiiiuic  Alcohol.^ 
By   C.   Kraut. 

Gerhardt  and  CAHOURsf  have^shown  that  the  volatile  oil  con- 
tained in  the  seeds  of  Cuminum  Cyminwn^  and  known  in  commerce 
by  the  name  of  Roman  cumin  oil,  is  a  mixture  of  two  compounds, 
viz.  a  compound  free  from  oxygen,  called  Cymene,  and  an  oxygenised 
body  called  CuminoL  This  latter  substance  is  homologous  with  bitter 
almond  oil,  and  stands  in  the  same  relation  to  cuminic  acid  as  bitter 
almond  oil  to  benzoic  acid, — that  is  to  say,  it  is  the  aldehyde  of 
cuminic  acid. 

The  two  constituents  of  the  Roman  cumin-oil  were  separated  by 
the  following  process  : — After  the  whole  of  the  cymene,  together  with 
a  portion  of  the  cuminol,  had  been  removed  from  the  commercial  oil 

*  Ann.  Ch.  Pharm.  xcii.  66.  f  Ibid,  xxxviii.  67. 
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by  distillation  at  200°  C.^  the  residue  was  converted,  by  agitation  with 
a  concentrated  solution  of  bisulphite  of  soda,  into  a  crystalline  double 
salt  insoluble  in  saline  solutions  ;  this  salt  completely  freed  from  the 
mother-liquor  by  pressure  was  then  diffused  in  water,  and  the  cuminol 
obtained  from  it  in  a  state  of  parity  by  addition  of  carbonate  of  soda 
and  distillation  with  vapour  of  water.  The  cuminol  which  had  dis- 
tilled over  with  the  cymeae  was  separated  therefrom  by  agitation 
with  solution  of  bisulphite  of  soda,  so  dilute  that  the  resulting  double 
salt  remained  in  solution. 

Cuminol  becomes  sensibly  heated  when  mixed  with  several  times  its 
volume  of  a  concentrated  solution  of  hydrate  of  potash  in  alcohol ;  and 
if  the  mixture  be  kept  for  an  hour  in  a  state  of  ebullition,  and  regularly 
concentrated  by  allowing  the  condensed  vapours  to  flow  back  again,  the 
cuminol  is  completely  decomposed,  and  there  are  formed,  without  any 
evolution  of  hydrogen,  a  large  quantity  of  cuminate  of  potash,  and  two 
liquid  compounds,  cymene  and  cuminic  alcohol,  which,  on  addition  of 
water,  separate  in  the  form  of  oil.  Although  these  two  bodies  arc 
always  produced  simultaneously,  the  author  is  disposed  to  think,  from 
experiments  hereafter  to  be  described,  and  from  the  analogous  beha- 
viour of  benzoic  alcohol,  that  the  cymene  is  formed,  not  from  the 
cuminol,  but  by  the  action  of  potash  on  cuminic  alcohol.  On  this 
supposition,  the  decomposition  of  cuminol  by  potash  as  above  may  be 
represented  by  the  following  equation  : — 

.      aC^oHi^O^  +  KO  .  HO  =  C,„Hi,02  +  C,oHi,KO, 

Cuminol.  Cuminic  Cuminate 

Alcohol.  of  Potash. 

When  the  mixture,  after  being  diluted  with  water,  was  distilled, 
the  cuminic  alcohol  and  the  cymene  passed  over  with  the  aqueous 
vapour  ;  they  were  removed  from  the  surface  of  the  distillate ;  agitated 
with  bisulphite  of  soda  to  free  them  from  adhering  cuminol ;  then 
dehydrated,  and  finally  separated  by  fractional  distillation. 

The  cuminic  alcohol  gave  the  following  results  by  analysis  : — 
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Cuminic  alcohol  is  a  colourless  liquid,  having  a  very  faint  but 
agreeably  aromatic  odour,  and  burning  spicy  taste  ;  boils  without 
decomposition  at  243°,  and  does  not  turn  acid,  even  by  long  exposure 
to  the  air.     It  is  insoluble  in  water,  but  dissolves   in   all  proportions 
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in  alcohol  and  ether,  and  is  not  altered  by  agitation  with  solutions  of 
alkaline  bisulphites. 

When  heated  with  potassium,  it  gives  off  hydrogen  and  forms  a  solid 
granular  mass,  which  is  decomposed  by  water,  yielding  potash  and 
cuminic  alcohol.  Strong  nitric  acid  heated  with  cuminic  alcohol 
converts  it  into  cuminic  acid,  without  the  simultaneous  formation  of 
any  other  acids.  Weaker  nitric  acid  would  probably  first  form 
cuminol.  Concentrated  sulphuric  acid  converts  cuminic  alcohol, 
without  formation  of  any  conjugated  acid,  into  a  resinous  mass,  which 
is  brittle  and  friable  when  cold,  but  becomes  semitiuid  when  immersed 
in  boiling  water. 

Of  the  compounds  of  cuminic  alcohol  corresponding  to  the  com- 
pound ethers,  only  the  benzoate  has  yet  been  examined.  This 
compound  is  obtained  by  heating  cuminic  alcohol  or  its  potassium- 
compound  with  chloride  of  benzoyl,  and  forms  a  buttery,  indistinctly 
crystalline  mass,  which  cannot  be  distilled  without  decomposition, 
is  decomposed  by  potash-solution,  even  in  the  cold,  and  when  washed 
merely  with  water,  continually  renders  that  liquid  acid. 

It  has  been  assumed  above  that  the  formation  of  cymene  from 
cuminol  is  due  to  the  action  of  potash  on  the  cuminic  alcohol  already 
formed.  This  assumption  is  supported  by  the  fact  that  pure  cuminic 
alcohol,  when  continuously  boiled  with  alcoholic  solution  of  potash,  is 
decoulposed  in  the  manner  denoted  by  the  following  equation  : — 

SC^oHjA  -f  KO  .  HO  =  C2oHiiKO^  +  2C^^U,^  +  4  HO. 

Cuminic  Cuminate  of  Cjmene. 

Alcohol.  Potash. 

The  cymene  thus  produced  is  identical  with  that  which  is  formed  by 
natural  processes,  and  boils,  like  the  latter,  at  171J°  C.  It  gave  the 
following  results  by  analysis  : — 

Calculated.  Found. 

20  C   .  .  120     89-56     88-91    88-92 
14  H  .  .  14     10-44     11  01    10-62 


C20H14      134     100-00 

The  decomposition  just  cited  does  not  depend  upon  the  presence  of 
alcohol ;  for  cymene  is  likewise  formed  when  cuminol  or  cuminic 
alcohol  is  treated  with  melted  hydrate  of  potash,  and  especially  when 
the  potash  is  either  not  heated  strongly  enough  to  oxidise  the  cuminol 
at  the  first  contact,  or  when  individual  particles  of  the  fused  salt  are 
cooled  down  by  too  rapid  addition  of  the  cuminol. 

It  is  possible  that  similar  processes  may  determine  the  simultaneous 
formation  of  cymene  and  cuminol  in  the  living  plant ;  at  all  events 
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the  assumption  that  a  hydrocarbon  is  produced  by  the  decomposition 
of  an  oxygeuised  constituent,  is  more  strongly  supported  by  analogy 
than  that  of  a  direct  reduction  or  oxidation. 

From  the  cymene  obtained  in  the  processes  above  described,  the 
author  prepared  the  hitherto  unknown  compound,  Dinitrucymene. 
This  body  was  obtained  by  cautiously  dropping  cymene  into  a  mixture 
of  2  parts  concentrated  sulphuric  and  1  part  fuming  nitric  acid, 
heating  the  mixture  to  about  50°  C,  and  leaving  it  to  stand  for  a  day 
or  two.  On  subsequently  diluting  it  with  water,  a  brown  substance 
separates,  liquid  at  first,  but  becoming  solid  and  crystalline  after  some 
time ;  this  substance  is  a  mixture  of  dinitrocymene  and  certain  un- 
crystalli sable  products,  formed  in  consequence  of  the  action  of  the 
acids  having  been  carried  too  far.  From  the  solution  in  boiling 
alcohol,  the  non-crystallising  bodies  separate  on  cooling,  whereas  the 
duiitrocymene  does  not  crystallise  out  till  the  liquid  is  evaporated. 
The  crystals  are  colourless,  beautifully  iridescent,  rhombic  tables,  which 
melt  at  54°  C.  dissolve  in  ether  and  alcohol,  but  not  in  water,  and 
separate  from  the  saturated  solution  in  the  form  of  an  oily  liquid. 
When  heated  in  the  air,  they  detonate,  and  leave  a  very  slowly  com- 
bustible charcoal.     The  results  of  their  analysis  are  as  follows  : — 
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On  Benzoic  Alcohol.* 
By    S.    Cannizzaro. 

A  NOTICE  of  the  author's  first  observations  on  benzoic  alcohol  was 
given  in  vol.  vii.  p.  192  of  this  Journal.  It  was  there  stated  that 
when  the  vapour  is  passed  over  red-hot  spongy  platinum,  an  oil  is 
formed  lighter  than  water,  and  having  probably  the  composition  04!!^. 
Subsequent  observation,  however,  has  shown  that  this  is  not  the  case, 
the  oil  in  question,  being  a  mixture  of  several  products,  among  which 
benzene  could  be  distinguished  and  separated;  it  contams  also  a  solid 
body  not  yet  examined. 

Benzoic  alcohol  in  contact  with  sulphuric  acid,   or  when  heated 
with  chloride  of  zinc  or  anhydrous  phosphoric  acid,  is  converted  into 

*  Ann.  Ch.  Pharm.  xc.  252;  xcii.  113. 
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a  resinous  substance^  which  is  insoluble  in  water,  alcohol,  and  ether, 
dissolves  but  sparingly  in  fuming  sulphuric  acid,  and  softens  in 
boiling  water  [vid.  seq.) 

Benzoic  alcohol,  when  treated  with  potash,  yields  benzoate  of 
potash  and  a  hydrocarbon  (toluol,  Deville^s  benzoene).  Under  the 
influence  of  reducing  agents,  therefore,  the  alcohol  is  converted  into 
a  hydrocarbon,  which  stands  to  it  in  the  same  relation  as  marsh-gas 
to  wood-spirit : — 

C14H3O2  4-  KHO2  =  Ci^H.KO,  +  H4 

^CiJlgO^  +  H4  =:  2C14H8  +  4  HO. 

To  obtain  this  hydrocarbon,  the  alcohol  is  distilled  with  a  strong 
alcoholic  solution  of  potash ;  as  soon  as  all  the  alcohol  has  passed 
over,  and  the  residue  has  become  solid,  the  hydrocarbon  begins  to 
pass  over  mixed  with  undecomposed  benzoic  alcohol.  To  obtain  the 
hydrocarbon  pure,  tlie  liquid  which  has  passed  over  is  again  distilled, 
the  portion  which  goes  over  at  116°  beuig  collected  apart;  this  dis- 
tillate is  mixed  with  strong  sulphuric  acid,  which  resinises  the  benzoic 
alcohol,  and  the  decanted  liquid  is  washed  with  water  and  rectified 
over  anhydrous  phosphoric  acid.  The  product  thus  obtained  does  not 
solidify  in  a  freezing  mixture  ;  it  boils  at  114° ;  has  an  agreeable  odour 
like  that  of  benzin.  Its  analysis  gave  91  "223  per  cent,  carbon  and 
8*738  hydrogen  (mean),  which  agrees  very  nearly  with  the  formula 
C14H8,  that  formula  requiring  91-305  C.  and  8'695  H.  The  boiling 
point,  114°,  corresponds  with  that  which  Gerhardt  found  for  toluol; 
the  odour  is  exactly  the  same. 

Just  as  acetic  ether  obtained  from  common  alcohol  is  polymeric 
with  aldehyde,  and  probably  isomeric  with  metaldehyde,  so  likewise  is 
the  benzoic  acid  ether  of  benzoic  alcohol  polymeric  with  the  aldehyde 
of  this  alcohol,  viz.  bitter  almond  oil,  and  isomeric  with  benzoin. 
This  ether  is  obtained  by  distilling  equal  equivalents  of  chloride  of 
benzoyl  and  benzoic  alcohol,  or  by  distilling  benzoic  alcohol  with 
Gerhardt's  anhydrous  benzoic  acid.  As  the  distillate  cools,  the  ether 
crystallises  out,  surrounded  with  a  yellow  oil,  which  does  not  alter  its 
composition  to  any  great  extent.  It  crystallises  in  snow-white  needles, 
often  in  rhombohedrons  ;  above  20°  C.  it  melts  to  a  colourless  oil,  which 
remains  liquid  for  a  day,  and  solidities  only  when  exposed  to  a  freezing 
mixture.     Its  formula  is  G2s^i2^^' 

Fluoride  of  silicium  has  no  action  on  benzoic  alcohol.  Fluoride  of 
boron,  on  the  contrary,  attacks  it  vigorously,  forming  boracic  acid, 
hydrofluate  of  boracic  acid,  and  a  resinous  substance.  After  being 
washed,  first  with  alkaline  water,  then  with  pure  water,  alcohol,  and 
ether,  dried  at  170°,  dissolved  in  sulphide  of  carbon  or  in  chloroform, 
separated  from  the  solvent  by  evaporation  and  fusion,  it  forms  an 
amorphous,  translucent,  amber-coloured  substance,  which  is  insoluble 
in   water,    nearly  insoluble   in    alcohol,    dissolves  very   sparingly  in 
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ether,  but  very  readily  in  oil  of  turpentine,,  sulphide  of  carbon,  and 
chloroform  ;  becomes  soft  and  melts  when  heated,  and  decomposes  at 
a  higher  temperature,  yielding  both  solid  and  fluid  volatile  products, 
and  leaving  a  residue  of  charcoal.  It  gave  by  analysis  92-860  per 
cent,  carbon,  and  6'817  hydrogen,  agreeing  nearly  with  the  formula 
Cj^Hg;  but  its  physical  properties  show  that  its  true  formula  is  a 
multiple  of  Cj^Hg,  probably  C28Hj2;  which  would  make  it  isomeric 
with  stilbene. 

Fused  boracic  acid  acts  on  benzoic  alcohol  in  two  different  ways. 
Between  100°  and  120°  C,  it  converts  the  alcohol  into  the  corre- 
sponding ether,  C28H14O2,  and  at  a  higher  temperature  into  the 
resinous  substance  C2sHi2-  This  latter  body  is  also  formed  by  the 
action  of  anhydrous  phosphoric  acid. 

The  ether  corresponding  to  benzoic  alcohol  may  be  prepared  as 
ioilovvs  : — The  alcohol  is  made  into  a  paste  with  fused  and  pulverised 
boracic  acid,  and  the  mixture  heated  to  120°  or  125°  for  several  hours 
in  a  sealed  tube  immersed  in  an  oil-bath.  The  mixture  hardens  and 
turns  brown.  It  is  treated  with  boiling  water  and  with  a  solution  of 
alkaline  carbonate,  till  all  the  boracic  acid  is  dissolved,  and  a  greenish 
brown  oil  floats  on  the  surface  of  the  liquid.  This  oil  is  distilled ;  the 
portion  which  goes  over  below  300°  C.  contains  unaltered  benzoic 
alcohol;  but  that  which  distils  over  between  300°  and  315°  contains 
the  benzoic  ether.  In  the  retort  there  remains  a  quantity  of  the 
resinous  hydrocarbon  saturated  with  the  ether,  which  cannot  be  sepa- 
rated from  it  without,  decomposition.  Benzoic  ether  is  a  colourless  oily 
liquid, which,  when  viewed  in  certain  directions,  exhibits  a  slight  indigo- 
colour.  It  boils  between  310°  and  3  i  5°.  It  gives  by  analysis  81^*5 
per  cent,  carbon,  and  7*3  hydrogen,  the  formula  C28H14O2  requiring 
84-8  C  and  7-1  H. 

Benzoic  ether  treated  with  sulphuric  or  phosphoric  acid,  yields  a 
resinous  substance,  probably  identical  with  that  which  is  obtained  from 
the  alcohol. 

When  heated  in  a  sealed  tube  to  a  few  degrees  above  315°,  the 
ether  decomposes,  becoming  amber-coloured,  and  yielding  a  very  small 
quantity  of  the  resinous  body,  together  with  bitter-almond  oil  (which 
may  be  separated  by  bisulphite  of  soda),  and  a  light  oil,  probably 
consisting  of  toluol.  A  small  portion  of  the  ether  appears,  therefore, 
to  be  resolved  into  water  and  the  hydrocarbon,  C28H12  : 

C,8H,,0,  =  C,«Hj,  +  2  HO; 
while  the  greater  part  is  resolved  into  hydride  of  benzoyl  and  toluol : 
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On  the  Anilldcs  of  Pyrotartaric  Acid. 
By  E.  Arppe. 

Pyrotartanil,    C22lIiiNO^  (=:Ci2H7N,  CioHgOg-'i HO).— When 

crystallised  pyrotartaric  acid  is  fused  with  anihne  in  the  proportion 
of  2  cq.  of  the  acid  (CgH^O^J  to  1  eq.  of  aniline  (C12H7N),  and  the 
mixture  kept  for  about  ten  minutes  at  a  temperature  a  few  degrees 
above  100°,  a  brown  viscid  mass  is  obtained,  which,  when  stirred  with 
a  glass  rod,  begins  to  crystallise,  and  assumes  the  form  of  a  dirty-red 
solid  mass,  consisting  of  impure  Pyrotartanil.  This  substance,  after 
being  twice  heated  with  animal  charcoal  in  a  boiling  aqueous  solution, 
separates  on  cooling  in  the  form  of  a  perfectly  white,  tasteless, 
inodorous,  crystalline  powder,  which  under  the  microscope  exhibits 
the  appearance  of  delicate  needles. 

Pyrotartanil  melt«  at  98°  C,  and  runs  in  boiling  water  like  an  oil, 
which,  on  cooling,  solidities  in  a  crystalline  fatty  mass.  It  volatilises 
without  decomposition ;  at  140°  C.  it  sublimes  pretty  quickly,  givmg 
off  a  vapour  which  has  a  faint  odour,  and  adheres  to  cold  bodies  in 
the  form  of  a  very  hard  crystallisation.  By  boiling,  during  which  the 
temperature  may  gradually  rise  to  300°,  it  is  partially  decomposed, 
the  greater  part,  however,  collecting  in  the  neck  of  the  retort,  in  the 
form  of  a  tolerably  pure  and  more  or  less  distinctly  crystalline  sub- 
limate of  unaltered  pyrotartanil.  Hence  very  impure  pyrotartanil 
may  be  conveniently  purified  by  slow  distillation. 

Pyrotartanil  dissolves  but  sparingly  in  water,  even  at  a  boiling 
heat.  Alcohol  dissolves  it  readily,  and  moreover,  greatly  assists  the 
solvent  power  of  boiling  water,  without  hindering  the  subsequent 
separation  in  cooling ;  hence  weak  spirit  is  the  best  solvent  to  use 
when  impure  pyrotartanil  is  to  be  decolorised  by  animal  charcoal. 
Pyrotartanil  is  also  readily  soluble  in  ether  and  in  the  ordinary  acids. 
Alkalies  dissolve  it  without  alteration ;  but  on  heating  the  solution, 
the  pyrotartanil  is  first  converted  into  pyrotartanilic  acid,  and  then 
resolved  by  the  action  of  the  fixed  alkali  into  aniline  and  pyrotartaric 
acid.  Very  strong  nitric  acid  converts  it  into  pyrotartonitranil.  The 
composition  of  pyrotartanil  is  as  follows 
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2.  Pyrotartanilic  acid,  C22H13NO6  (  =  Ci2H7N,  CioH808~2HO). 

— When  aniline  is  added  by  drops  and  with  stirring  to  pyrotartaric 
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aiiydride  (the  watery  oil  obtained  by  distilling  pyrotartaric  acid  may 
be  used  for  the  purpose),  the  mass  becomes  very  hot,  and  solidifies  to 
a  reddish  crystalline  magma  of  pyrotartanilic  acid,  which  ultimately 
crumbles  to  pieces  and  becomes  nearly  dry ;  it  may  he  purified  by 
boiling  with  weak  alcohol  and  animal  charcoal  in  the  manner  described 
far  the  purification  of  pyrotartanil. 

Pyrotartanilic  acid  separates  on  cooling  from  a  boiling  solution,  in 
a  bulky  mass  of  shining  crystalline  needles,  which,  if  the  solution  is 
not  very  concentrated,  are  arranged  in  stellate  groups,  and  exhibit 
under  the  microscope  the  appearance  of  rectangular  prisms,  with 
perpendicular  terminal  faces.  It  bears  a  heat  of  140°  C.  almost 
without  loss;  melts  at  147°,  giving  off"  water,  and  being  partially 
converted  into  the  more  easily  fusible  pyrotartanil;  hence  the  acid, 
after  one  fusion,  melts  at  140°.  It  dissolves  rather  slowly  in  water, 
though  in  greater  quantity  than  pyrotartanil ;  alcohol,  however,  dis- 
solves it  readily,  and  from  the  alcoholic  solution  it  is  precipitated  in 
the  crystalline  form  by  water.  With  ether  and  with  acids  it  behaves 
like  pyrotartanil.  It  is  decomposed  by  boiling  with  excess  of  potash. 
Neither  pyrotartanil  nor  pyrotartaniHc  acid  gives  the  characteristic 
reaction  of  aniline  with  solution  of  chloride  of  lime. 

Pyrotartanilic  acid  is  a  very  stable  though  rather  weak  acid.  It 
reddens  litmus  paper,  expels  carbonic  acid  from  carbonates,  forms 
several  crystallisable  salts,  but  is  precipitated  in  the  crystalline  form 
from  its  solutions  by  other  acids,  even  by  acetic  acid.  The  pyro- 
tartanilates  of  the  alkalies  and  earths  are  easily  soluble ;  those  of  the 
heavy  metallic  oxides,  sparingly  soluble.  In  a  solution  of  the  neutral 
ammonia-salt,  no  precipitate  is  formed  by  chloride  of  barium  or  cal- 
cium, or  by  baryta  or  lime-water  ;  sulphate  of  zinc  produces  a  tur- 
bidity after  a  while;  sulphate  of  copper  forms  a  bluish-green,  and 
sesquichloride  of  iron  a  yellowish-red  precipitate. 

The  analysis  of  the  acid  dried  at  140°  and  at  100°  gave  the  fol- 
lowing results : —  • 
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Pyrotartanilate  of  ammonia  dries  up  to  a  radiated  crvstalline  mass 
easily  gives  up  its  ammonia,  and  is  decomposed  by  water  with  the  aid 
of  heat ;  in  the  cold,  it  is  readily  dissolved  if  perfectly  neutral.  It  is 
likewise  formed  by  boiling  pyrotartanil  with  ammonia.     The  potash- 
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salt  resembles  the  ammonia-salt,  and  dissolves  readilj^  in  water.  The 
soda-salt  dries  up  to  a  confused  crystalline  mass.  The  haryta-salt 
becomes  granular  and  crystalline  when  thoroughly  dried.  The  lime- 
salt  forms  needles  having  a  dull  silky  lustre.  The  lead-salt 
PbO,  C22Hi2^05~*  forms  a  white  precipitate,  which  becomes  pasty 
by  boiling,  but  when  left  to  itself  assumes  a  granular  crystalline 
character,  and  melts  at  a  higher  temperature;  it  dissolves  in  acetate 
of  lead  and  in  boiling  water.  The  silver-salt,  AgO,  C22HJ2NO5,  is  a 
white  pulverulent  body,  which  dissolves  in  water,  and  separates  again 
on  evaporation  in  small  round  crystalline  nodules.  It  contains  34*36 
per  cent,  silver. 

3.  Pyrotartonitrardl,  C22  (Hj^NOJ  NO4.  —  This  compound,  in 
which  1  eq.  of  the  hydrogen  in  pyrotartanil  is  replaced  by  1  eq.  of 
hyponitric  acid,  is  produced  with  the  greatest  facility  by  dissolving 
pyrotartanil  in  the  very  strong  nitric  acid  obtained  by  distillation 
with  sulphuric  acid.  The  solution  assumes  a  red  colour  for  a  while, 
but  afterwards  becomes  yellow,  and,  on  addition  of  water,  deposits  a 
gradually  solidifying  oil,  which,  after  being  resolved  in  boiling 
alcohol,  decolorised  by  animal  charcoal,  and  filtered,  yields  pure 
pyrotartonitranil  in  crystalline  needles  arranged  in  spherical  groups. 

Pyrotartonitranil  melts  at  155°,  and  solidifies  in  the  crystalline 
state  at  153°  ;  sublimes  without  decomposition  when  carefully  heated, 
dissolves  in  alcohol  and  ether  ;  but  is  nearly  insoluble  in  water.  By 
boiling  with  ammonia,  it  is  converted  into  an  acid,  which  is  likewise 
produced  by  the  action  of  the  fixed  alkalies,  but  is  readily  transformed 
by  the  latter  into  a  yellow  crystalline  substance. 

Pyrotartonitranil  yields  the  following  results  by  analysis  : — 
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4.  Pyrotartointranilic  acid,  C22  (HjoNOJ  NOg  -r- When  pyro- 
tartonitranil is  added  to  a  somewhat  dilute  solution  of  carbonate  of 
soda,  it  is  quickly  dissolved,  while  the  solution  assumes  a  yellow 
colour,  and  a  slight  evolution  of  carbonic  acid  becomes  perceptible. 
If  the  yellow  solution  be  cooled,  yellow  crystals  of  nitraniline  [vid.  inf,) 
separate  out  from  it. 

The  clear  yellow  solution  consists  chiefly  of  pyrotartonitranilic  acid, 
which,  on  the  addition  of  nitric  acid  in  excess,  is  precipitated  in  yellow 
flakes.  It  is  decolorised  partly  by  animal  charcoal,  partly  by 
recrystallisation,  but  is  not  easily  obtained  in  a  state  of  perfect 
purity. 
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This  acid  dissolves  very  sparingly  in  water,  even  at  a  boiling  heat, 
but  readily  in  alcohol  and  ether;  from  a  saturated  solution,  it 
separates  in  a  distinctly  crystalline  form,  and  when  examined  by  the 
microscope  appears  to  consist  of  rhombic  tables  having  angles  of 
60°  and  120°.  It  is  so  weak  an  acid  that  it  is  scarcely  able  to  expel 
carbonic  acid.  After  drying  over  sulphuric  acid,  it  gave  the  following 
results  by  analysis  : — 
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The  salts  of  this  acid  are  very  unstable  and  uncrystallisable.  The 
potash-salt  scarcely  exists  in  the  solid  state,  the  solution  of  the 
acid  in  potash  quickly  decomposing  and  assuming  an  intense  yellow 
colour.  The  ammonia-salt  dries  up  to  a  syrup.  The  silver-salt 
precipitates  in  white  flakes,  and  is  found  by  analysis  to  contain  30-13 
per  cent,  silver,  the  formula  requiring  30*10  per  cent. 


Oil  Nitraniliiic  and  Paranitrauiline.* 
By   E.  Arppe. 

The  yellow  body  produced  by  the  action  of  alkalies  on  pyrotartoni- 
tranilic  acid  is  identical  in  composition  with  the  nitraniline  which 
Hofmann  and  Muspratt  obtained  from  dmitrobenzol,  Cj2tl^N20g.t 
The  two  bodies,  however,  differ  remarkably  in  many  of  their  proper- 
ties; and  as  the  substance  produced  by  Arppe  is  produced  directly 
froQi  an  aniline-compound,  he  proposes  to  assign  to  it  the  name  of 
Nitraniline,  and  to  designate  as  Parariitr aline  the  isomeric  compound 
produced  from  dinitrobenzol. 

1.  Nitraniline. — This  base  is  most  readily  obtained  by  boiling 
pyrotartanitril  or  pyiotartonitrilic  acid  in  a  solution  of  carbonate  of 
soda  mixed  with  a  little  caustic  soda ;  the  decomposition  is  then  com- 
pleted in  a  quarter  of  an  hour,  and  th*?  solution  on  cooling  deposits 
nitraniline  in  yellow  laminae,  which  may  be  purified  by  recrvstalli- 
sation.  • 

From  a  slowly  cooled  aqueous  solution,  nitraniline  separates  in  long- 
needles  ;  but  if  the  cooling  be  accelerated,  small  tabular  or  needle- 
shaped  crystals  are  obtained,  having  angles  of  69°  and  111°,  but  with 

*  Ann:  Ch.  Pharm.  xc.  147  ;  xciii.  357.  f  Ibid.  Ivii.  215. 
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the  smaller  angle  so  much  truncated  as  to  convert  the  crystal  into  a 
six-sided  table  with  angles  of  111°  and  138°.  An  alcoholic  solution, 
on  the  other  hand,  yields  unaltered  rhombic  tables  as  well  as  these 
six-sided  crystals ;  from  ether,  the  compound  separates,  partly  in 
tables,  partly  in  capillary  needles ;  from  carbonate  of  soda,  in  tables 
of  55°  and  125° ;  by  sublimation  it  is  obtained  partly  in  needles, 
partly  in  irregular  laminae. 

Nitraniline  melts  (accordmg  to  the  latest  determination)  at  141°, 
volatilises  at  about  the  same  temperature,  and  sublimes  very  beauti- 
fully when  carefully  heated  between  two  watch-glasses.  It  dissolves 
readily  in  alcohol  and  ether,  but  requires  45  parts  of  boiling  water, 
and  no  less  than  1250  parts  of  water  at  18*5°  to  dissolve  it  completely. 
Its  analysis  gave  52"03  per  cent,  carbon,  and  4*44  hydrogen,  agreeing 
very  nearly  with  the  formula  C12H6N2O4,  which  requires  52*17  per 
cent,  carbon,  and  4*35  hydrogen. 

Hydrochlorate  of  Nitraniliiie,  Ci2HgN20^  .  HCl. — Nitraniline 
forms  with  boiling  hydrochloric  acid  a  yellow,  or  if  the  acid  is  in  great 
excess,  a  colourless  solution,  which  on  cooling  yields  tolerably  large 
colourless  tabular  crystals,  the  simplest  forms  of  which  are  four-sided 
tables  of  95°  and  85°  (a),  or  of  65°  and  115°  {b)  ;  by  the  combina- 
tions of  these,  whereby  the  acute  angles  of  (a)  are  truncated  by  {b), 
six-sided  tables  are  produced,  and  by  truncation  of  all  the  angles  of 
(a),  eight-sided  tables. 

The  salt  is  easily  decomposed,  both  when  heated,  whereby  it  loses 
part  of  its  acid  and  turns  yellow,  and  also  by  the  action  of  water,  by 
which  the  base  is  almost  completely  precipitated ;  alkalies  precipitate 
the  nitraniline  in  the  crystalline  form,  but  it  is  redissolved  when  heated 
with  an  excess  of  the  precipitant.  The  hydrochlorate  gives  by  analysis 
20*20  per  cent,  chlorine,  the  formula  requiring  20*34. 

Platinum-salts. — Hydrochlorate  of  nitraniline  forms  two  double 
salts  with  bichloride  of  platinum ;  but  that  which  has  the  normal 
coinposition,  Ci2H(^N204  .  HCl .  PtCl2,  is  difficult  to  obtain. 

1.  The  best  mode  of  preparing  this  normal  salt  is  to  mix  a  concen- 
trated aqueous  or  alcoholic  solution  of  bichloride  of  platinum  with  a 
warm  concentrated  solution  of  nitraniline  in  hydrochloric  acid,  collect 
the  resulting  precipitate  in  an  empty  glass  funnel,  leave  the  mother- 
liquor  to  drain  off,  and  w^ash  the  precipitate,  first  with  an  alcoholic 
solution  of  nitraniline,  and  afterwards  with  ether ;  or  to  mix  the  con- 
centrated alcoholic  solutions  of  the  two  chlorides,  wash  the  precipitate 
with  a  small  quantity  of  water,  and  remove  the  mother-liquor  as  com- 
pletely as  possible  by  pressure.  This  salt  when  dry  has  a  yellow 
colour  ;  it  crystallises  with  the  greatest  facility  from  a  concentrated 
alcoholic  solution,  separating  almost  instantly  in  capillary  needles, 
arranged  in  stellate  groups  ;  it  may  be  heated  considerably  above  100° 
without  decomposition,  but  burns  away  with  slight  detonation  at  a 
higher  temperature.     The  aqueous  solution  is  decomposed  by  evapo- 
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ration ;  the  solution  in  alcohol  is  more  permanent.  The  salt  gave  by 
analysis  28*22  per  cent,  platinum ;  the  formula  requires  28-72  per 
cent.  (Pt  =  98*5).  As  this  salt  is  much  more  soluble  in  alcohol  than 
in  water,  an  abundant  crystalline  precipitate  is  obtained  on  adding 
water  to  a  concentrated  alcoholic  solution.  This  precipitate  dried  at 
100°  contained  28-45  per  cent,  platinum,  and  consisted,  therefore,  of 
the  unaltered  double  salt. 

2.  If  the  double  salt  obtained  as  above  be  washed  with  a  mixture 
of  alcohol  and  ether,  it  is  decomposed,  and  there  remains  a  less  soluble 
yellow  compound,  C12H6N2O4  .  HCl  +  2PtCl2,  in  which  the  quantity  of 
platinum  given  by  analysis  is  38-16,  the  formula  requiring  38*36. 
This  salt  is  partially  dissolved,  with  red  colour,  by  alkalies,  the  rest 
being  left  in  the  form  of  a  brick-red  powder,  which  dissolves  with  red 
colour  in  water  and  alcohol.  From  the  aqueous  solution  crystals  w^ere 
once  obtained  having  the  form  of  small  red  regular  octohedrons ;  but, 
from  want  of  material,  they  were  not  further  examined. 

Sulphate  of  Nitranili7ie. — A  solution  of  nitraniline  in  dilute  sul- 
phuric acid  yields  by  gentle  evaporation  large  shining  laminse,  the 
smaller  crystals  of  which  exhibit  under  the  microscope  the  form  of 
square  tables.  The  salt  has  a  strongly  acid  taste,  is  decomposed  by 
water,  but  remains  unaltered  in  the  acid.  The  biacid  salt,  Ci2HgN204 
-f2(HO.S03)  contains  by  calculation  33-90  per  cent,  sulphuric  acid; 
analysis  gave  34*41  per  cent. 

JS'itrate  0/  Nitraniline. — The  base  dissolves  very  easily  in  warm 
nitric  acid,  and  the  salt  crystallises  in  shining  needles  several  lines 
long  and  perpendicularly  truncated  :  it  is  decomposed  by  water. 

The  oxalate  crystallises  in  delicate  needles  and  laminse ;  it  is  an 
acid  salt  sparingly  soluble  in  water,  and  forming  a  yellow  solution. 

The  tartrate  forms  a  yellow  solution  which  deposits  yellow  needles  ; 
potash  does  not  precipitate,  but  dissolves  it  with  red  colour. 

When  a  recently  prepared  solution  of  tannic  acid  is  added  to  a 
solution  of  hydrochlorate  of  nitraniline,  and  afterwards  a  little  potash- 
solution  poured  in,  a  copious  fiocculent  or  almost  gummy  precipitate 
is  formed,  which  is  decomposed  by  an  excess  of  potash,  part  of  the  base 
separating  in  the  crystalline  form. 

2.  Paranitraniline. — This  substance  was  prepared,  according  to 
Hofmann  and  M us pr  at t's  directions,  by  the  action  of  sulphuretted 
hydrogen  on  an  alcoholic  solution  of  dinitrobenzol  saturated  with 
ammoniacal  gas.  After  treating  the  solution  with  animal  charcoal, 
the  base  was  obtained«in  very  beautiful  yellow,  highly  lustrous,  long, 
flattened,  needle-shaped  crystals.  These  crystals  gave  by  analysis 
52-01  per  cent,  carbon,  and  4-37  hydrogen,  the  formula  C12H5N2O4 
requiring  52*17  0  and  4-35  H. 

Paranitraniline  melts  at  108°  (Hofmann  and  Muspratt  fix  the 
melting  point  at  110°)  and  volatilises  at  about  the  same  temperature, 
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forming  a  sublimate  of  yellow  shining  lamin6e,  which  by  mierometrical 
examination  were  found  to  consist  of  rhombic  tables  of  51°  and  129°, 
having  one  of  their  acute  angles  either  perpeadicularly  truncated  or 
bevelled  with  two  faces,  but  the  two  obtuse  angles  either  obliquely 
truncated  or  unaltered.  They  often  unite  in  macles  with  a  deep 
re-entering  angle,  this  macle-formation  being  likewise  indicated  by  a 
feathery  striation  of  the  lamellae,  passing  in  two  different  directions. 
The  crystals  separated  from  solutions  exhibit  a  similar  want  of  sym- 
metry. The  laminse  which  separate  from  the  aqueous  solution  arc 
perpendicularly  truncated  at  one  end  and  bevelled  at  the  other,  with 
two  faces  inclined  at  98°  to  one  another,  and  131°  to  the  adjacent 
faces.  From  the  alcoholic  solution  the  base  separates  by  spontaneous 
evaporation,  partly  in  small  wedged-shaped  four-sided  laminae,  two  of 
whose  faces  are  likewise  inclined  to  one  another  at  an  angle  of  98°, 
while  the  other  two  form  a  very  acute  angle, — partly  in  somewhat 
large  crystals  with  re-entering  obtuse  angles. 

Paranitraniline  dissolves  sparingly  in  water,  requiring  600  times  its 
weight  of  water  at  185°  to  dissolve  it;  in  boiling  water  it  dissolves 
more  readily,  likewise  in  alcohol  and  ether. 

With  hydrochloric  acid  it  forms  a  colourless  solution,  from  which 
elongated  rhombic  tables  of  120°  and  60°  separate.  This  salt  dissolves 
readily  in  hydrochloric  acid,  is  not  altered  by  exposure  to  the  air,  but 
is  decomposed  by  water  in  such  a  manner  that  the  greater  part  of  the 
base  separates  out, — a  statement  contradictory  to  that  of  Hofmann 
and  Muspratt,  who  found  their  hydrochlorate  of  nitraniline  to  dis- 
solve in  water  with  extraordinary  facility. 

Sulphate  of  Paranitraniline  forms  shining  microscopic  crystals, 
consisting  of  rhombic  tables,  which  have  but  little  taste,  and  form  a 
perfectly  colourless  solution  in  water.  Potash  and  ammonia  precipi- 
tate the  base  in  the  crystalline  form. 

Nitrate  of  Paranitraniline  is  a  crystalline  powdef  sparingly  soluble 
in  the  acid,  easily  in  water ;  hence  the  nitric  acid  poured  on  the  base 
forms  a  white  crystalline  powder,  which  disappears  on  the  addition 
of  water.  The  author  has  not  been  able  to  confirm  the  statement  of 
Hofmann  and  Muspratt,  that  paranitraniline  is  decomposed  with 
violence  by  nitric  acid. 

Tartrate  of  Paranitraniline  forms  a  yellow  solution  from  which 
yellow  rectangular  tables  separate;  potash  added  to  the  solution 
throws  down  the  base  in  the  form  of  a  yellow  crystalline  precipitate 
insoluble  in  excess  of  the  reagent. 

Tannic  acid  acts  with  paranitraniline  in  the  same  manner  as  with 
nitraniline. 

From  the  preceding  description  of  nitraniline  and  paranitraniline,  it 
is  clear  that  these  two  bases  are  essentially  distinct  and  cannot  be 
easily  confounded.     They  are  more  especially  distinguished  by  their 
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melting  points,  their  crystalline  forms,  and  their  relations  to  various 
solvents ;  moreover,  their  sulphates,  nitrates,  and  tartrates,  exhibit 
essential  differences.  But  they  also  present  other  points  of  distinction 
more  easily  recognisable.  Paranitraniline  has  a  sweet  burning  taste, 
whereas  nitraniline  is  nearly  tasteless.  Paranitraniline  has  a  deeper 
yellow  colour  than  nitraniline ;  its  saturated  solution  is  nearly  orange- 
yellow,  and  becomes  paler  on  cooling ;  the  colour  of  nitraniline,  as 
well  as  that  of  its  solution,  is  alvvays  light  yellow.  Paranitraniline 
has  a  strong  lustre ;  the  crystalline  needles  which  it  forms  are  flexible 
or  elastic,  and  therefore  difficult  to  pulverise ;  nitraniline  has  a  fainter 
lustre,  and  its  crystalline  needles  are  brittle,  and  easily  rendered  elec- 
trical by  friction. 


On  the  Anllldes  of  Tartaric  Acid.^ 
By   £.  Arppe. 

Tartaric  acid  forms  with  aniline  a  crystalline  salt,  which,  if  tartaric 
acid  be  regarded  as  monobasic,  exhibits  the  composition  of  a  bitartrate. 
This  salt  begins  to  decompose  at  temperatures  a  little  above  100°;  if 
it  be  kept  for  some  time  between  130°  and  140°,  it  turns  brown, 
giving  off  vapours  of  water  and  aniline,  and,  at  the  same  time,  a  new 
crystalline  body  is  formed,  which  covers  and  penetrates  the  dark  mass. 
At  150°,  partial  fusion  takes  place,  after  which  the  addition  of  solution 
of  chloride  of  lime  no  longer  indicates  the  presence  of  unaltered 
aniline. 

The  resulting  preparation  is  thoroughly  boiled  with  water,  whereby 
Tartanil  is  extracted,  which  substance  must  then  be  purified  by 
repeated  crystallisation  and  treatment  with  animal  charcoal. 

The  brown  mass  which  remains  undissolved  by  the  water  is  boiled 
with  strong  alcohol,  which  dissolves  it  completely,  and  on  cooling 
yields  delicate  crystals,  which  may  be  decolorised  by  the  ordinary 
methods :  these  crystals  consist  of  Tartanilide. 

1.  Tartanilide,  O^^^^^^^fi^  {  =  ^C^^YL^1^  .  Q^^^O^^~^l\0),  is 
insoluble  in  water,  sparingly  soluble  in  ether,  and  is  not  taken  up  in 
large  quantity  even  by  boiling  alcohol.  From  the  hot  saturated  alco- 
holic solution,  it  is  deposited  on  cooling  in  fine  colourless  needles, 
which,  when  collected  on  a  filter  and  pressed,  aggregate  together  in 
nacreous  laminated  masses,  retaining  their  continuity  even  after 
drying.  It  may  be  heated  to  250°  without  visible  decomposition,  but 
is  decomposed  when  fused;  sublimes  somewhat  above  its  melting- 
point  ;  and  when  carefully  heated  between  two  watch  glasses,  yields 
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a  sublimate  of  shining  iridescent  laminse,  which,  however,  not  being 
very  volatile,  remain  adhering  to  the  unfused  portion.  At  a  higher 
temperature,  a  dull  crystalline  or  mealy  sublimate  is  obtained. 

Tartanilide  is  a  very  stable  substance ;  it  may  be  boiled  in  alkaline 
solutions  without  alteration ;  hot  hydrochloric  acid  dissolves  it  wuth 
difficulty,  nitric  acid  with  partial  decomposition;  sulphuric  acid 
the  only  acid  which  dissolves  it  readily. 


IS 


Caleulated. 
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32  C      ...     192 

64-000 

63-61 
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2  N     .     .     ,       28 

9-334 
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Tartanil,  C20H9NO,  (  =  Ci2H7N  .  CgllgOi^- 

-4  HO), 

2.  Tartaml,  C^^Wq^^O^  [  =  C^^\{^^  .C^HqO^^-^RO),  dissolves 
very  readily  in  water  and  alcohol,  and  separates  from  hot  concentrated 
solutions,  either  as  a  dull  white  fine-grained  powder,  or  in  laminse 
having  a  pearly  lustre.  Slow  cooling  and  perfect  purity  in  the  pre- 
paration favour  the  production  of  the  crystalline  modification ;  and, 
on  the  other  hand,  sudden  cooling  and  the  presence  of  a  small  quantity 
of  tartaric  acid  appear  to  give  rise  to  the  granular  variety. 

Tartanil  bears  a  heat  of  more  than  200°  C.  without  decomposition  ; 
the  granular  variety,  however,  passes  at  that  temperature  into  the 
crystalline,  but  without  any  change  of  chemical  composition;  the 
sublimate  thereby  obtained  forms  an  extremely  delicate,  woolly 
crystallisation  of  unaltered  tartanil.  At  230°,  fusion  and  decom- 
position take  place. 

Tartanil  has  no  taste,  but  reddens  litmus  perceptibly  even  when 
perfectly  pure.  It  dissolves  but  slowly  in  ether,  but  is  readily  taken 
up  by  other  solvents. 
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3.  Tartanilic  Acid,  C^qR^^'NO^q,  is  obtained  by  boiling  tartanil 
for  about  a  quarter  of  an  hour  with  a  solution  of  ammonia,  evapo- 
rating the  excess  of  ammonia  at  a  gentle  heat,  adding  baryta-water 
in  excess  to  the  solution,  washing  the  copious  precipitate  which  is 
thereby  formed,  and  decomposing  it  with  sulphuric  acid.  From  the 
filtered  solution,  the  tartanilic  acid  separates,  partly  in  light  red 
nodular  crystaUine  masses,  partly  in  shining  laminse.     After  purifi- 
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cation  with  animal  charcoal,  this  acid  forms  colourless  laminae  having 
a  strong  lustre.  It  melts  at  180°  C,  and  is  at  the  same  time  par- 
tially decomposed,  with  loss  of  water.  It  dissolves  without  difficulty 
in  water  and  alcohol,  but  is  much  less  soluble  in  ether. 

Tartanilate  of  Ammonia,  after  evaporation  over  sulphuric  acid, 
forms  a  very  efflorescent,  easily  soluble  crystalline  mass.  A  solution 
of  this  salt  gives  no  precipitate  with  lime-water,  even  after  addition  of 
ammonia;  but  if  potash  be  added,  a  turbidity  is  produced,  which 
increases  on  boiling,  and  passes  into  a  copious  bulky  precipitate. 
Chloride  of  calcium  and  chloride  of  barium  form  no  precipitates,  not 
even  on  addition  of  excess  of  ammonia.  Baryta-water  forms  a  copious 
precipitate,  soluble  in  sal-ammoniac,  sesquichloride  of  iron,  or  yellow 
precipitate. 

Tartanilate  of  Baryta  is  soluble  to  a  considerable  extent  in  boiling 
water,  and  separates  on  evaporation  in  shining,  irregular,  crystalline 
spangles.  It  yields  by  analysis  26*10  per  cent,  baryta,  corresponding 
to  the  formula  BaO  .  C2oHiQNOg,  which  requires  26*15  per  cent,  baryta 
(Ba  =  68-5). 

Tartanilate  of  Silver  forms  a  white  somewhat  soluble  powder, 
containing  32*66  per  cent,  silver.  The  formula  AgO  .  C20H1QNO0 
requires  32*55  per  cent. 

4,  On  the  action  of  Nitric  Acid  upon  Tart  anil  and  Tartanilide. — 
Nitric  acid,  rectified  over  sulphuric  acid,  acts  strongly  on  these  bodies. 
On  mixing  them  with  the  acid,  considerable  heat  is  evolved,  accom- 
panied with  formation  of  picric  acid.  If  the  rise  of  temperature  be 
prevented  by  immersing  the  vessel  containing  the  nitric  acid  in  snow 
and  adding  the  anilides  by  small  quantities,  a  solution  is  obtained, 
from  which  water  throws  down  a  yellowish  body  quite  insoluble  in 
water,  very  sparingly  soluble  in  alcohol,  and  presenting  under  the 
microscope  the  appearance  of  a  crystalline  powder.  When  this  nitro- 
compound is  boiled  with  carbonate  of  soda,  part  of  it  is  dissolved,  but 
the  solution  does  not  yield  crystals.  The  greater  portion  remains 
undissolved,  and  appears  to  contain  picric  acid. 

As  these  experiments  did  not  lead  to  the  preparation  of  nitraniline, 
the  author  discontinued  them,  and  did  not  examine  any  further  into 
the  chemical  relations  of  tartonitraniline. 

The  Anilides  of  Racemic  Add  appear  to  be  identical  with  those  of 
tartaric  acid ;  for  the  author  has  obtained  from  racemate  of  aniline 
compounds  which  do  not  differ  from  tartanil  and  tartanilide,  at  least 
in  their  external  cha^cters. 
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On  Salicylic  Acid.* 
By  R.  Piria. 

This  acid,  usually  regarded  as  monobasic,  nevertheless  exhibits  the 
singular  anomaly  of  forming  acid  ethers,  analogous  rather  to  the  acid 
ethers  of  polybasic  acids  than  to  neutral  ethers.  In  the  course  of 
investigations  relating  to  this  matter,  the  author  has  succeeded  in 
discovering  the  cause  of  this  anomaly,  or,  rather,  he  has  found  that 
it  does  not  actually  exist.  The  truth  is,  that  salicylic  acid,  which  has 
hitherto  been  regarded  as  monobasic,  is  really  bibasic,  and  in  a  very 
marked  degree, — forming,  with  the  utmost  facility,  salts  with  two 
equivalents  of  base.  The  salts  with  1  eq.  of  base,  which  are  those 
already  known,  may  for  distinction  be  denominated  acid  salicylates ; 
and  the  newly-discovered  salts  with  2  eq.  of  base,  neutral  salicylates. 

The  neutral  baryta-salt  is  prepared  by  adding  a  concentrated 
solution  of  hydrate  of  baryta  to  a  concentrated  boiling  solution  of  the 
acid  salicylate ;  as  the  neutral  salt  is  much  less  soluble  than  the  acid 
salt,  it  separates  out  immediately  in  small  white  crystalline  laminae, 
which  may  be  purified  by  recrystallisation  from  boiling  water.  This 
salt  has  a  very  decided  alkaline  reaction ;  in  the  state  of  aqueous 
solution,  it  is  decomposed  by  carbonic  acid,  salicylate  of  baryta 
being  form.ed,  and  half  the  baryta  precipitated  as  carbonate.  The 
composition  of  the  neutral  salt  is,  Ci4H4Ba20e  +  4  Aq. ;  at  100°  it 
gives  off  4  eq.  water,  and  becomes  anhydrous. 

The  neutral  lime-salt  is  prepared  with  equal  facility.  When  a 
solution  of  lime  in  sugar-water  is  added  to  a  solution  of  acid  salicylate 
of  lime,  the  neutral  salt  separates  immediately  as  a  nearly  insoluble, 
crystalline,  sandy  precipitate,  which  has  an  alkaline  reaction,  and  is 
decomposed  by  carbonic  acid  like  the  baryta-salt.  The  composition 
of  the  neutral  lime-salt  is  Ci4H4Ca20g  +  2  Aq. 

The  neutral  lead-salt  is  anhydrous,  and  forms  a  heavy  white 
crystalline  powder,  having  the  composition  Ci4H4Pb206.  It  is  easily 
obtained  by  adding  tribasic  acetate  of  lead  to  a  saturated  boiling 
solution  of  the  acid  salicylate.  If  this  acid  lead-salt  be  decomposed 
by  ammonia  in  slight  excess,  and  the  resulting  mixture  boiled,  a 
pentabasic  salicylate,  O^fi^hjdQ  -{-  3  PbO,  falls  down  as  a  light, 
insoluble,  white  powder,  consisting  of  microscopic  laminae,  which 
have  a  pearly  lustre. 

The  cupric  salts  of  salicylic  acid  had  not  been  previously  examined. 
Piria  has  prepared  the  acid  salicylate  by  decomposing  the  acid  sali- 
cylate of  baryta  with  a  solution  of  cupric  sulphate ;  it  crystallises  in 
long  bluish-green  needles,  having  the  composition  Ci4H5CuO(5-|-4Aq. 
It  gives  off  its  water  of  crystallisation  considerably  below  100°.  This 
salt  exhibits  remarkable  properties.  When  heated  in  a  small  quantity 
of  water,  not  sufficient  to  dissolve  it  completely,  it  melts  below  100°, 

*  Ann.  Oi.  riiarm.  xciii.  262. 
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and  is  converted  into  the  neutral  salt,  which  remains  undissolved,  and 
free  salicylic  acid,  which  dissolves  in  the  water.  Ether  decomposes 
it  in  a  similar  manner  at  ordinary  temperatures. 

The  neutral  copper- salt  obtained  in  the  manner  above  described  by 
the  decomposition  of  the  acid  salt,  is  a  light,  nearly  insoluble  powder, 
of  yellowish-green  colour  :  its  formula   is  Ci4H4Cu20g4-2  Aq. 

Piria  has  likewise  obtained  two  neutral  salicylates,  in  which  the 
two  equivalents  of  base  are  formed  by  different  metals,  viz.,  a  potassio- 
cupric  salicylate,  Ci4H4KCuOg4-4  Aq.,  which  crystallises  in  beautiful 
emerald-green  laminae,  and  baryto-cupric  salicylate,  which  forms  a 
crystalline  powder  containing  Ci4H4BaCuOg  +  4  Aq. 


On  some  Compounds  of  Hydrosulphate  of  Mustard-oiL^ 
By  H.   Will. 

In  a  memoir  on  the  essential  oil  of  black  mustard, f  the  author  has 
demonstrated  the  existence  of  a  compound  of  that  oil  with  sulphu- 
retted hydrogen,  having  the  formula  C6H5NS2  .  HgSg.  Gmelin  J 
denominates  this  compound  Sulphosinapic  acid;  Gerhardt§  regards 
it  as  sulphocarbamic  acid  in  which  1  eq.  hydrogen  is  replaced  by 
allyl,  CgHg  ;  thus  : — 


Sulphocarbamic  acid,  Allyl-sulphocai'bamic  acid. 

NH2(CS)2.S^  NH(CeH5)(CS)2.S 

H  .  S 


H  .  Si 


According  to  WilPs  formula,  it  is  sulphocyanide  of  allyl  combined 
with  sulphuretted  hydrogen  : — 

Will  formerly  obtained  the  compound  by  the  action  of  an  alcoholic 
solution  of  potash  upon  oil  of  mustard,  it  being  then  produced, 
together  with  carbonic  acid  and  an  oily  body,  C14H14N2S2O2,  in  the 
manner  represented  by  the  equation — 

an   H   NS    ^  /^8  "^7     ^^4 

TT  n     C  —      ^14"  14  ^^^2  ^2 


'2    ^4 


On  separating  the  oily  body,  neutralising  with  acetic  acid,  diluting  the 


*  Aim.  Ch.  Phann.  xcii.  59. 

t  Ibid.  lii.  30. 

+  Handb.  d.  Chern.  4.  Aufl.  v.  207. 

§  Traite  de  Chimie  Organique,  ii.  203, 
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solution  with  a  large  quantity  of  water,  and  adding  acetate  of  lead,  a 
lemon-yellow,  very  unstable  lead-salt  is  thrown  down,  whose  analysis 

leads  to  the  formula  C8H5NS2+  puc  !■•  I'^'oni  the  author's  more  re- 
cent experiments,  it  appears  that  the  whole  of  the  mustard-oil  may  be 
readily  converted  into  the  sulphur-acid  by  treating  it  directly  with 
alcoholic  solutions  of  metallic  hydrosulphates.  In  this  manner  the 
following  compounds  have  been  obtained,  the  analyses  of  which  con- 
firm the  composition  of  the  acid  previously  deduced  from  the  lead- 
salt  : — 

Oil  of  Mustard  with  Hydrosalphate  of  Ammonium : 

C8H10N2S4    =    Qu\    S2  +  NH 


When  oil  of  mustard  is  dropped  into  a  saturated  and  colourless  solu- 
tion of  hydrosulphate  of  ammonium  in  strong  alcohol,  its  odour  is 
instantly  destroyed,  the  liquid  becomes  strongly  heated,  and  in  a  few 
seconds  solidifies  to  a  crystalline  magma  composed  of  colourless  needles 
of  the  double  salt. 


Calculation. 

Experiment  j 

dried  in  vc 

8  C      . 

.     48 

3200 

3W^ 

"^3^36 

0  H     . 

.     10 

6-66 

6-90 

6-77 

2  N      . 

.     28 

18-67 

17-40 

— 

4  S      . 

.     64 

42-67 

4303 

43-30 

150  10000  9903 

This  salt  is  not   very  stable,  but,  like  the  following  compounds, 
decomposes  spontaneously  by  keeping. 

Oil  of  Mustard  ivith  Hydrosulphate  of  Potassium : 

An  alcoholic  or  aqueous  solution  of  hydrosulphate  of  potassium,  to 
which  oil  of  mustard  has  been  added  as  long  as  the  odour  of  the  latter 
disappears,  yields  by  slow  evaporation  in  vacuo  (provided  the  quantity 
of  salt  present  is  not  too  small)  large  rhombic  tables,  often  an  inch  in 
diameter ;  by  quicker  evaporation,  needle-shaped  crystals  are  formed. 
These  crystals,  while  immersed  in  the  liquid,  are  transparent  and 
colourless,  but  on  exposure  to  the  air  become  opaque  and  yellow, 
losing  their  form  and  becoming  partially  insoluble  in  water,  which 
then  leaves  a  sulphur-yellow  mass.     The  aqueous   solution  of  the 
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recently-prepared  salt  may  be  heated  without  evolving  the  odour  of 
mustard-oil ;  if  it  be  heated  and  then  mixed  with  nitrate  of  silver, 
sulphide  of  silver  is  precipitated,  and  the  odour  of  mustard-oil  becomes 
immediately  perceptible.  The  dry  compound  likewise  gives  off 
mustard-oil  when  heated  :— 


Calculation. 

Experimeut 

8  C      . 

.     48-0 

28-04 

— 

6  H     . 

.       6-0 

3-50 

— 

N      . 

.     140 

8-18 

— 

4  S      . 

.     64-0 

37-38 

38-09 

K     . 

.     39-2 

22-90 

22-50 

171-2  100-00 


Oil  of  Mustard  with  Sulphide  of  Potassium, — a.  C8H5NS2  +  2KS. 
— An  alcoholic  solution  of  monosulphide  of  potassium  mixed  with  oil 
of  mustard,  the  former  being  in  slight  excess,  deposits  by  gentle 
evaporation  a  white  granular  salt,  which,  when  heated,  gives  off  oil  of 
mustard,  without  changing  its  colour.  It  gave  by  analysis  39'2 
per  cent,  of  potassium  ;  the  formula  requires  37*4. 

b.  CgHgNSg  +  KS. — The  mother-liquor  from  which  the  preceding 
salt  has  separated,  yields,  when  left  to  stand  over  sulphuric  acid  in 
vacuo f  needle-shaped  crystals  having  a  scarcely  perceptible  tinge  of 
yellow  :  they  behave  like  the  preceding  salt,  but  contain  less  potas- 
sium. Analysis  gave  25-5  and  25-0  per  cent,  potassium,  the  formula 
b  requiring  25*4. 

It  appears,  then,  that  oil  of  mustard  forms  crystallisable  salts,  not 
only  with  the  hydrosulphates,  but  also  with  the  monosulphides  of 
metals,  and  that  the  combination  with  the  latter  takes  place  in  more 
than  one  proportion. 


Oil  of  Mustard  with  Hydrosulphate  of  Sodium  .- 

This  compound  is  readily  obtained  by  mixing  a  warm  alcoholic  solu- 
tion of  hydrosulphate  of  sodium  with  oil  of  mustard  till  the  odour  of 
the  latter  is  no  longer  destroyed.  It  separates  in  nacreous  laminse 
which  are  greasy  to  the  touch,  and,  when  heated,  first  melt,  and  then 
give  off  a  large  quantity  of  mustard-oil.  The  salt  contains  water  of 
crystallisation,  and,  like  the  preceding,  cannot  be  preserved  without 
decomposition. 
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Calculation.  Experiment. 


8  C  . 

.     48-0 

23  90 

23-70 

2  H  . 

.     120 

5-73 

5-93 

N  . 

.     140 

— 

— 

4  S   . 

.     640 

— 

— 

6  0  . 

.     48-0 

— 

— 

Na 

.     231 

11-10 

1100 

11-4 
209-1 

Oil  of  Mustard  with  Hydrosulphate  of  Barium  : 

CsH5NS,.^''|S,  +  4H0. 

This  salt  is  produced  by  adding  oil  of  mustard  to  a  solution  of  sul- 
phide of  barium  supersaturated  with  sulphuretted  hydrogen  and 
mixed  with  a  small  quantity  of  alcohol,  or  by  passing  sulphuretted 
hydrogen  gas  through  water  mixed  with  alcohol,  in  which  hydrate  of 
baryta  and  oil  of  mustard  are  suspended ;  it  is  likewise  deposited  from 
the  mother-liquor  of  the  following  less  soluble  salt  containing  mono- 
sulphide  of  barium.  The  more  soluble  salt  forms  crystalline  laminse, 
resembling  those  of  the  sodium-salt : — 


Calculation. 

Experiment. 

8  C  . 

.     48-0 

20-20 

, 

19-90 

10  H  . 

.     100 

4-23 

— 

4-60 

N  . 

.     140 

— 

— 

— 

4  S  . 

.     64-0 

— 

— 

26-5 

4  0  . 

.     320 

2705 

— 

— 

Ba 

.     68-6 

29-00 

30-4 

30-44 

236-6  •  ■    - 

Oil  of  Mustard  with  Sulphide  of  Barium :  C8H5NS2  .  2BaS  +  2H0. 
— When  oil  of  mustard  is  gradually  added  to  a  yellow  heated  solu- 
tion of  sulphide  of  barium — such  as  is  obtained  by  treating  crude 
sulphide  of  barium  with  water — till  the  odour  remains  permanent, 
and  the  liquid  filtered,  the  filtrate  yields,  on  cooling,  colourless  or 
slightly  yellowish  laminse,  which  crumble  to  a  white  powder  on  ex- 
posure to  the  air.  This  compound  is  also  precipitated  by  alcohol. 
The  salt  smells  of  oil  of  mustard,  does  not  melt  when  heated,  but 
burns  away  with  a  glimmering  light  at  a  higher  temperature.  Two 
analyses  made  with  the  salt  dried  by  repeated  pressure  between  paper 
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gave  49*1  and  47*3  per  cent,  barium;  the  above  formula  requires 
47-94. 

This  compound  appears  to  be  capable  of  crystallising  with  a  diflferent 
amount  of  water,  inasmuch  as  a  salt  obtained  in  another  preparation 
gave  only  41*6  per  cent,  barium,  which  corresponds  with  the  formula 
CgHgNSa  .  2BaS  +6H0  (calculated  quantity  of  Ba  =  42-6). 

Oil  of  Mustard  with  HydrosuJphate  of  Calcium. — When  milk  of 
lime  is  mixed  with  oil  of  mustard,  and  a  little  alcohol  added  to  dissolve 
the  latter,  the  mustard  odour  disappears  entirely  on  passing  sulphu- 
retted hydrogen  through  the  liquid  to  supersaturation.  A  clear 
solution  is  then  obtained,  which,  when  evaporated  over  the  water-bath, 
yields  the  calcium  compound  in  the  form  of  a  slightly  yellow  trans- 
parent jelly.  When  perfectly  dried,  it  falls  to  pieces,  and  gives  off 
abundance  of  oil  of  mustard. 


On  Phillyrin.* 
By   C.    Bertagrnini. 

This  substance  is  obtained  by  treating  the  decoction  of  Phillyrea 
bark  with  lime  or  oxide  of  lead,  and  evaporating  the  liquid  to  a  certain 
point,  the  phillyrin  then  separating  after  a  while  in  the  crystalline 
state. 

Pure  phillyrin  is  nearly  tasteless ;  it  dissolves  very  sparingly  in 
cold  water,  with  tolerable  facility  in  hot  water,  readily  in  alcohol,  but 
not  in  ether.  Its  solutions  are  not  precipitated  by  those  of  metallic 
salts.  Ammonia  and  the  fixed  alkalies  have  no  action  upon  phillyrin, 
but  mineral  acids  readily  decompose  it.  When  phillyrin  is  boiled 
with  dilute  hydrochloric  acid,  a  resinous  substance  is  produced,  which 
separates  in  drops,  and  a  liquid,  which,  when  treated  with  Trommer^s 
test-liquid,  produces  an  abundant  separation  of  cuprous  oxide.  Now 
as  phillyrin  and  the  resinous  substance  separated  from  it  do  not  act 
on  this  test-liquid,  it  appeared  probable  that  phillyrin  is  a  substance 
of  more  complex  constitution, — like  amygdalin,  salicin,  &c., — and 
capable,  like  these  bodies,  of  yielding  sugar  as  one  of  its  products  of 
decomposition. 

When  phillyrin  is  heated  with  a  proper  quantity  of  dilute  hydro- 
chloric acid,  till  the  separation  of  resinous  matter  has  ceased,  the 
liquid  neutralised  with  carbonate  of  lead,  the  filtrate  evaporated,  the 
residue  exhausted  >^ith  alcohol,  and  the  alcoholic  solution  evaporated 
over  the  water-bath,  a  sweet  syrup  is  obtained,  which  in  a  few  weeks 
solidifies  into  a  warty  crystalline  mass,  exhibiting  all  the  characters  of 
grape-sugar. 

*  Ann.  Ch.  Pluu-ni.  xcii.  lOy, 
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An  attempt  was  also  made  to  decompose  phillyrin  with  synaptase, 
but  that  substance  does  not  act  upon  it. 

To  ensure  that  the  substance  combined  with  sugar  in  phillyrin  is 
not  separated  by  the  hydrochloric  acid  in  an  altered  state, — as  is  the 
case  in  the  decomposition  of  salicin, — the  phillyrin  was  subjected  to 
the  lactic  acid  fermentation,  whereby  it  yielded,  on  the  one  hand,  the 
usual  products  of  the  lactic  acid  fermentation  of  sugar,  and  on  the 
other,  the  substance  abovementioned,  which  may  in  thi^  manner  be 
readily  obtained  in  the  pure  state.  This  substance,  which  may  be 
called  Phillygenin,  is  not  sensibly  altered  by  acids,  and  is  perfectly 
identical  with  the  resinous  body  which  is  produced,  though  not  quite 
pure,  by  the  action  of  hydrochloric  acid  on  phillyrm.  Pure  philly- 
genin  crystallises  readily,  and  forms  a  perfectly  white  mass,  having  a 
pearly  lustre.  It  is  insoluble  in  cold  water,  very  sparingly  soluble  in 
boiling  water,  but  dissolves  readily  in  alcohol  and  ether.  Strong 
sulphuric  acid  colours  it  red. 

The  analyses  of  phillyrin,  and  of  the  several  products  derived  from 
it,  lead  to  the  formula  05^1134022  +  3  Aq. 

Calculated.  Found. 

Carbon      .     57*75  5788         57-66         5772         57-82^ 

Hydrogen        6-63  6-63  6-72  6^S;^  iV7^ 

Oxygen     .     35*62  35-49         3562         3546         35*45 

100*00  100*00       10000       100*00       10000 

The  3  equivs.  of  water  of  crystallisation  are  given  off  between 
50°  and  60^  C,  and  at  100°  the  substance  is  perfectly  anhydrous. 
The  loss  of  weight  which  phillyrin  sustains  in  drying  is  4*7  per  cent.  ; 
by  calculation  it  should  be  4*8.  The  formula  of  anhydrous  phillyrin 
is,  therefore,  C54H34022' 

Phillygenin  gave  by  analysis  numbers  corresponding  with  the 
formula  C42H24O12,  as  shown  by  the  following  table  : — 

Calculated.  Found. 

Carbon   .     .     67*74  67*83  67*60 

Hydrogen    .       6'45  6-69  Q-m 

Oxygen  .     .     25*81  25*48  25*74 


100*00  10000  100*00 

Phillygenin  does  not  diminish  perceptibly  in  weight  when  subjected 
to  further  drying;  hence  the  formula  just  given  must  be  regarded  as 
that  of  anhydrous  phillygenin. 

Since  phillyrin  yields  by  decomposition  nothing  but  grape-sugar 
and  phillygenin,   we   arc    led  to   suppose  that  its  constitution   cor- 
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responds  exactly  with  that  of  salicin,  and  that  it  is  formed  by  the 
union  of  two  groups  of  atoms  with  eUmination  of  2  eq.  water,  as 
shown  by  the  following  equation  : — 

C42H24O12  4-  C12H12O12  =  ^54^34^22  +  ^  HO. 

Phillygenin.  Grape-sugar.  Anhydrous 

Phillyrin. 

This  equation  is  precisely  similar  to  that  which  expresses  the 
constitution  of  salicin  : — 

Ci,H,0^  +  C,2H,,0,2  =  ^'seH^  +  3  HO. 

Saligenin.  Grape-sugar.  Salicin. 

On  comparing  the  formulae  of  phillygenin  and  saligenin,  we  dis- 
cover a  remarkable  relation  between  them.  Phillygenin  is,  in  fact, 
polymeric  with  saligenin,  its  formula  being  exactly  treble  that  of  the 
latter : — 

3  Cj^HgO^  =  C42H24O12 

3  eq.  Saligenin.     1  eq.  Phillygenin. 

Phillyrin  is  converted  by  the  action  of  chlorine  into  chloruretted 
or  bromuretted  derivates,  which  crystallise  in  needles,  and  are  less 
soluble  than  phillyrin.  Their  constitution  is  similar  to  that  of 
phillyrin,  and  they  are  decomposed  by  the  same  reagents  in  a  cor- 
responding manner.  Thus,  for  example,  bromophillyrin,  under  the 
influence  of  acids  or  of  the  lactic-acid  fermentation,  yields  grape-sugar 
or  its  decomposition-products,  and  bromophillygenin,  which  crystallises 
in  shining  needles. 

Nitric  acid  acts  differently  on  phillyrin  according  to  its  temperature 
and  degree  of  concentration.  With  a  dilute  acid  in  the  cold,  a  mass 
of  yellow  silky  crystals  is  obtained.  With  strong  acid,  there  is  formed 
another  product,  w^hich  separates  in  crystalline  grains.  Lastly,  if 
strong  acid  be  used  at  a  boiling  heat,  carbonic  acid  and  nitrous  fumes 
are  evolved,  and  the  liquid  is  found  to  contain  oxalic  acid,  together 
with  a  product  which  crystallises  in  shining  laminae. 
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On  jdfangrostin.* 
By    W.    Schmld. 

This  name  is  given  to  a  yellow  crystalline  substance  obtained  from 
the  rind  of  the  fruit  of  the  Mangosteen  {Garcinia  mangostana ; 
Order,  Guttiferoi),  wbich  is  cultivated  in  the  East  Indian  Islands. 
This  fruit  is  one  of  the  most  delicious  of  tropical  productions,  and  its 
rind  is  said  to  be  very  efficacious  in  the  treatment  of  fevers,  equalling, 
if  not  exceeding,  that  of  cinchona-bark,  especially  when  used  in  the 
fresh  state. 

To  extract  the  active  principle  of  this  rind,  a  quantity  of  old  dry 
rinds,  which  were  of  a  brown-red  colour,  thick,  spongy,  of  astringent 
taste,  and  lined  in  the  interior  with  a  yellow  semi-crystalline  sub- 
stance, were  finely  pulverised,  and  repeatedly  boiled  with  water.  The 
aqueous  solution  consisted  chiefly  of  tannin,  which  blackened  iron-salts. 
The  residue  was  then  treated  with  hot  alcohol,  which  completely 
dissolved  the  yellow  crystalline  body.  The  filtered  liquid,  which  was 
brown  with  a  greenish  lustre,  did  not  deposit  crystals  when  left  to 
stand,  but  on  evaporation  yielded  yellow  amorphous  masses  containing 
the  substance  which  the  author  calls  Mangostin,  mixed  with  a  large 
quantity  of  resin.  This  resin  is  very  difficult  to  separate.  The  best 
mode  of  separation  is  to  heat  the  filtered  alcoholic  solution  to  the 
boiling  point,  and  add  distilled  water  in  small  quantities  from  time 
to  time  till  the  liquid  becomes  opalescent.  The  resin,  which  is  but 
sparingly  soluble  in  cold  dilute  alcohol,  is  for  the  most  part  deposited 
first,  at  the  bottom  of  the  vessel,  while  the  mangostin  remains  in 
solution,  and  separates  some  time  after  in  the  form  of  small  yellow 
silky  laminae.  Hence,  if  the  liquid  be  decanted  from  the  resinous 
deposit,  the  mangostin  which  afterwards  separates  will  be  tolerably 
pure.  But  to  remove  the  resin  completely,  it  is  necessary  to  dissolve 
the  mangostin  in  alcohol,  and  precipitate  with  subacetate  of  lead, 
suspend  the  resulting  compound  of  mangostin  and  lead-oxide  in 
alcohol,  after  thorough  washing,  and  pass  sulphuretted  hydrogen 
through  the  liquid  while  it  is  kept  warm.  As  the  mangostin  will  not 
crystallise  excepting  from  solution  in  dilute  alcohol,  the  filtered  solu- 
tion is  then  mixed  at  the  boiling  heat  with  water  till  it  becomes  milky. 
The  mangostin  which  separates  out  on  cooling,  and  by  evaporation  of 
the  alcohol,  is  still  not  quite  pure,  and  must  therefore  be  several  times 
recrystalhsed  from  dilute  alcohol. 

Mangostin  crystallises  in  thin  shining  laminse  of  a  beautiful  gold- 
yellow  colour ;  it  is  inodorous  and  tasteless,  melts  at  about  190°  C. 
without  loss  of  water,  and  forms  a  thick  dark-yellow  liquid,  which  on 
cooling  solidifies  in  a  brittle,  amorphous,  transparent  mass,  and  is 

*  Ann.  Ch.  Pliarm.  xciii.  83. 
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heavier  than  water.  When  heated  above  the  melting  point,  it  is  for 
the  most  part  decomposed,  but  part  of  it  sublimes  unaltered.  On 
platinum-foil  it  burns  away  without  residue.  It  is  insoluble  in  water, 
but  dissolves  readily  in  alcohol  and  ether.  The  solutions  have  no 
action  on  litmus-paper. 

Dilute  acids  dissolve  mangostin  almost  completely  at  a  gentle  heat, 
and  deposit  it  unchanged  on  cooling.  Strong  nitric  acid  converts  it, 
with  the  aid  of  heat,  into  oxalic  acid.  Cold  concentrated  sulphuric 
acid  dissolves  it  with  partial  decomposition,  forming  a  deep  yellowish- 
red  solution,  which  chars  when  heated.  Mangostin  dissolves  in  alka- 
lies with  a  yellow  or  brownish  colour.  It  is  not  precipitated  by  any 
metallic  salt,  excepting  subacetate  of  lead.  With  sesquichloride  of 
iron  it  produces  a  dark  greenish-black  colour,  which  disappears  on  the 
addition  of  acids. 

The  analysis  of  mangostin  dried  at  100°  agrees  with  the  formula 


'^40 "22^10  • 



Calculated. 

Found. 

40  C     . 

.  240 

70-17 

69-64 

"^^eg-ei^ 

69-74 

22  H    . 

.     22 

6-43 

6-66 

6-37 

6-44 

10  0     . 

.     80 

23-40 

23-70 

24-00 

23-82 

^40^22^^10 

342 

10000 

10000 

100-00 

100-00 

The  lead-compound  of  mangostin,  prepared  by  mixing  the  alcoholic 
solutions  of  mangostin  and  neutral  acetate  of  lead  in  such  proportion 
that  the  mangostin  was  not  completely  precipitated  on  the  addition  of 
a  small  quantity  of  ammonia,  gave  by  analysis  44*14  per  cent.  PbO, 
38'67  C,  and  3*45  H,  numbers  nearly  agreeing  with  the  formula 
2(C4QH220jQ)4-5PbO  +  HO  j  it  is  not,  however,  always  obtained  of 
the  same  composition,  for  another  sample  prepared  by  the  same 
method  gave  only  37*46  per  cent,  of  lead-oxide. 

Certain  other  bodies  obtained  from  plants  of  the  same  natural 
family  as  the  Garcinia  mangostana,  appear  to  bear  some  analogy  to 
mangostin  both  in  composition  and  in  properties.  Gamboge  from 
Garcinia  gutta  has,  according  to  Johnston,  the  formula  C^H^gOgi. 
According  to  this  composition,  it  is  possible  that  mangostin  may  be 
formed  by  oxidation  of  gamboge.  And,  in  fact,  gamboge  treated 
with  strong  nitric  acid  yields  a  crystalline  body  which  appears  to 
bear  a  very  close  resemblance  to  mangostin. 

Indian  yellow  (purree),  which  is  said  to  be  obtained  from  the 
deposit  of  camels'  urine  after  those  animals  have  eaten  the  fruit  of 
Mangostana  mangifer^  consists  chiefly  of  the  magnesia-salt  of 
euxanthic  acid,  whose  formula  is  ^^^\^i\'  As  this  formula  stands 
in  near  approximation  to  that  of  mangostin,  as  well  as  to  that  of 
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gamboge_,  it  is  possible  that  both  these  substances  may  be  converted 
in  the  Kving  body  into  euxanthic  acid. 

These  considerations  induced  the  author  to  make  some  experiments 
with  euxanthic  acid,  whence  it  appears  to  be  a  conjugated  compound. 
In  fact,  when  it  is  treated  with  strong  sulphuric  acid,  and  the  solution 
poured  into  water,  euxanthone,  as  is  well  known,  separates  out.  The 
liquid  filtered  from  this  deposit  has  the  property  of  quickly  reducing 
oxide  of  copper  dissolved  in  potash, — a  property  not  exhibited  by  either 
euxanthic  acid  or  euxanthone. 


On  the  Action  of  Hydriodlc  Acid  upon  Glycerine.* 
By  MM.  Berthelot  and  De  Luca. 

When  glycerine  is  saturated  with  hydriodic  acid  gas,  and  heated  to 
100°  in  a  sealed  tube  for  forty  hours,  and  the  product  treated  with 
potash  and  with  ether,  a  peculiar  liquid  is  obtained,  to  which  the 
authors  give  the  name  of  lodhydrin.  This  liquid  is  of  a  golden 
yellow  colour;  syrupy;  of  sp.  gr.  1*783;  dissolves  about  one-fifth  of 
its  volume  of  water,  without  itself  passing  into  the  state  of  aqueous 
solution ;  dissolves  in  alcohol  even  when  very  dilute,  and  still  more 
readily  in  ether ;  has  a  sweet  taste ;  is  not  volatile ;  but  burns  away 
without  residue,  giving  off  vapours  of  iodine.     Its  composition  is — 

CisHiJOe  =  SCgHgOg  +  IH  -  6  HO. 

Found.  Calculated. 

27-9 

—  4-3 

48-4  49-2 

Aqueous  potash  decomposes  the  compound  at  100°,  but  the  reaction 
is  extremely  slow.  The  products  are,  on  the  one  hand,  iodide  of 
potassium,  and  a  substance  similar  to  or  identical  with  glycerine ; 
and  on  the  other,  a  rather  volatile  liquid,  free  from  iodine,  soluble 
in  ether,  and  having  the  composition — • 

C6H,03  =  CeHA-3HO. 

Carbon 
Hydrogen 

The  iodine  in  cod-liver  oil  may,  perhaps,  be  present  in  the  form  of 
iodhydrin,  or  some  analogous  compound. 

*  Compt.  rend,  xxxix.  748;  Ann.  Ch.  Phys.  [3]  xliii.  279. 
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^.—Photochemical  Researches. 

By  Professor  Bun  sen  and  H.  E.  Boscoe,  B.A.,  Ph.D. 

Photochemical  determinations  which  pretend  to  anything  more 
than  a  rough  approximation^  are  surrounded  by  difficulties  of  so 
considerable  a  nature^  that  up  to  the  present  time  all  attempts  to  gain 
a  knowledge  of  the  laws  of  the  chemical  action  of  light  have  been 
fruitless. 

In  a  research  on  this  subject  which  has  occupied  us  for  the  space 
of  nearly  two  years,  we  were  induced  to  commence  a  careful  examina- 
tion of  the  action  of  light  on  solutions  of  chlorine,  bromine,  and 
iodine,  as  well  when  alone  in  solution,  as  in  the  presence  of  hydro- 
genous organic  suCstances.  Although  these  our  first  experiments 
were  not  carried  on  with  a  view  to  publication,  but  merely  for  our 
own  instruction,  in  order  to  gain  a  starting-point  for  the  solution  of 
the  question  which  we  had  proposed  to  ourselves,  we  nevertheless  are 
obliged  to  make  known  these  results,  in  consequence  of  the  subsequent 
publication  of  a  research  on  the  same  subject  by  Dr.  Wittwer.^  The 
experimental  and  theoretical  results  found  by  Dr.  Wittwer  stand  in 
such  complete  and  inexplicable  contradiction  to  those  obtained  by  us, 
that  we  have  thought  it  necessary  critically  to  repeat  all  his  experi- 
ments, in  order,  if  possible,  to  arrive  at  the  cause  of  this  difference. 
As,  however,  in  this  respect  our  endeavours  have  not  been  successful, 
we  must  confine  ourselves   to  a  scrupulous  communication  of  our 

*  Pogg.  Ann.  xciv.  597. 
VOL.  VIII. NO.  XXXI.  O 


194  PROFESSOR  BUNSEN  AND  DR.   H.  E.  ROSCOE^S 

experiments,  from  which  aloue  the  reader  will  be  able  to  arrive  at  any 
satisfactory  conclusion. 

Dr.  Wittwer  undertakes  to  measure  the  chemical  alterations  which 
chlorine  water  undergoes  when  exposed  to  the  action  of  light.  The 
value  of  his  determination  depends,  therefore,  chiefly  upon  the  accuracy 
and  reliability  of  the  method  by  which  the  amount  of  free  chlorine  in 
the  solution  is  estimated.  Dr.  Wittwer  has  used  the  old  determi- 
nation of  chlorine,  by  means  of  a  solution  of  arsenious  acid  coloured 
by  indigo.  This  method,  which,  as  is  well  known,  never  gives  very 
exact  results,  especially  when  the  solution  of  chlorine  is  very  dilute, 
has  long  since  been  replaced  by  much  better  processes. 
-  In  all  our  experiments  we  have  employed  the  much  more  accurate  and 
convenient  iodometric  method,  which,  even  with  the  greatest  dilution 
of  the  chlorine  water,  gives  a  degree  of  accuracy  attainable  by  very 
few  analytical  processes. 

The  strength  of  the  solution  of  iodine  dissolved  in  pure  iodide  of 
potassium  was  determined  by  volumetric  analysis*  of  a  known  weight 
of  pure  bichromate  of  potash  dried  at  about  300°  C.,t  and  gave  the 
following  values : — 

II.  III. 

00725  01257 

2  3 

173-6  173-0 

85-0  62-2 

00007077  0-0007043 

As  mean  of  these  three  experiments,  w^e  obtain  a  =  0*0007086  for 
the  amount  of  iodine  contained  in  one  burette  division.  In  order  to 
obtain  the  value  of  a  still  more  exactly,  the  iodine  solution  was  com- 
pared with  another  more  concentrated  normal  iodine  solution,  prepared 
at  a  diiFerent  time,  and  from  diflferent  materials,  whose  mean  value 
was  found  from  the  following  experiments  to  be  a= 0*002416. 


1. 

A 

0-0808 

n 

2 

t 

1740 

h 

58*3 

Found 

a. 

00007138 

I. 

II. 

III. 

A 

0*1755 

01596 

0-2029 

n 

4 

3 

4 

t 

61-1 

59-2 

590 

t. 

58*2 

7-9 

22-1 

a 

0002412 

0002407 

0002428 

Found 


*  For  a  description  of  this  method,  and  the  meaning  of  the  symbols  A,  n,  t^  &c., 
see  pp.  219-236  of  this  volume. 

t  Ann.  Ch.  Pharm.  Bd.  Ixxxvi.  281.  In  this,  and  in  all  the  following  experiments, 
the  air  contained  in  the  small  flask  was  driven  out,  before  the  decomposition  began, 
by  the  addition  of  a  few  pieces  of  carbonate  of  soda  to  the  acid  solution. 
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To  oxidise  equal  measures  of  a  dilute  solution  of  sulphurous  acid, 
144*0  burette-divisions  of  the  former,  and  42-1  of  the  latter  normal 
solution,  were  required.  Hence  the  value  of  the  a  of  the  first  solution 
is  found  to  be  0*0007063,  the  value  directly  determined  being 
0-0007086.  The  mean  of  these  two  numbers— 0-0007075— is  that 
used  in  the  greater  part  of  the  following  volumetric  analyses. 

In  like  manner  we  have  satisfied  ourselves  by  experiments,  which 
we  here  omit,  that,  during  the  lapse  of  a  whole  year,  the  normal 
iodine  solution  does  not  undergo  any  change  which  could  influence 
the  accuracy  of  the  experiments. 

The  dilution  of  the  sulphurous  acid  used  in  these  experiments 
cannot  give  rise  to  error,  because,  according  to  the  principle  of  the 
method  employed  by  us,  a  slow  alteration  of  this  acid  liquid  has  no 
appreciable  influence  on  the  accuracy  of  the  results.* 

Although  the  accuracy  of  the  general  iodometric  method  has 
been  proved  by  very  numerous  experiments,  still  it  does  not  here 
appear  superfluous  to  show  by  a  few  examples  the  degree  of  accuracy 
in  the  estimation  of  chlorine  which  can  in  this  way  be  attained. 
0-2529  grm.  pure  bichromate  of  potash  was  boiled  with  hydrochloric 
acid,  and  the  liberated  chlorine  collected  without  loss  in  a  solution  of 
iodide  of  potassium.     The  analysis  of  this  solution  gave — 

n=5  t  =  62'0  ^1  =  51-5  a  =  0-002504. 
This  gives  0*18089  grm.  of  chlorine  :  the  amount  of  chlorine  equiva- 
lent to  the  salt  employed  is  0*18091.  We  cite  another  experiment 
on  the  density  of  chlorine  gas,  made  according  to  the  iodometric 
method  by  Dr.  Landolt.  A  current  of  pure  and  dry  chlorine  was 
passed  through  a  tube  drawn  out  at  either  end,  until  all  atmospheric 
air  was  expelled,  and  then,  after  observation  of  the  barometer  and 
thermometer,  the  tube  was  closed  by  pressing  two  caoutchouc  joinings 
at  each  end,  and  opened  under  a  solution  of  iodide  of  potassium,  in 
which  the  liberated  iodine  was  estimated.     The  experiment  gave — 

Capacity  of  the  tube,  31-050  cub.  cent. ; 
Temperature  of  the  gas,  22°*  7  C. ; 
Height  of  barometer  at  25°-4  C,  0*7567™. 

n=2         /  =  31*9         t^  =  0'3         a  =  0*005069. 

*  We  consider  this  peculiarity  of  our  method  to  be  one  of  its  great  merits,  and 
cannot,  therefore,  ag|^e  with  Mohr  (Ann.  Ch.  Pharm.  Bd.  xciii.  Heft  1),  who 
abandons  this  improvement,  and,  for  sake  of  convenience,  remodels  the  process  accord- 
ing to  the  old  volumetric  method.  Still  less  to  be  recommended  is  his  proposal,  in 
the  same  memoir,  to  determine  the  free  chlorine  directly,  without  previous  addition  of 
iodide  of  potassium.  In  this  case  an  entirely  inaccurate  result  is  obtained,  as  is 
generally  the  case  when  the  separation  of  the  iodine  takes  place  in  mixed  liquids, 
instead  of,  as  the  method  describes,  in  a  solution  of  iodide  of  potassium. 
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hence  28*439  cub.  cent,  of  chlorine  at  0°  and  0*76™  pressure  weigh 
0-08997  grm.  The  specific  gravity  of  chlorine,  as  calculated  from 
these  data,  is  found  to  be  2"446 ;  that  calculated  from  the  atomic 
weight  is  2-449. 

These  experiments,  together  with  many  others  communicated  in 
the  course  of  this  research,  prove  that  the  determination  of  chlorine 
by  the  iodometric  method  is  free  from  those  sources  of  error  to  which 
the  old  method  of  Gay-Lussac  is  known  to  be  subject. 

Entirely  independent  of  the  inaccuracies  of  a  badly  chosen  method, 
in  Dr.  Wittwer^s  experiments,  a  source  of  much  greater  error  lies  in 
the  non-consideration  of  the  disturbing  influences  which  the  pheno- 
mena of  gas- absorption  and  difi*usion  give  rise  to.  Dr.  Wittwer 
imagined  that  he  had  entirely  eliminated  these  sources  of  error  by 
dropping  into  his  solution  of  arsenious  acid  a  chlorine -water  which 
contained  only  1  to  4  parts  by  weight  of  chlorine  to  1000  of  water. 
By  the  simplest  experiments,  however,  he  might  have  assured  himself 
that  by  this  method  not  even  approximate  results  can  be  obtained,  for 
solutions  of  chlorine  of  the  strength  described  are  influenced  by  the 
phenomena  of  gas-absorption  and  diffusion  in  the  same  way  as  more 
concentrated  solutions.  The  amount  of  chlorine  which  is  liable  to  be 
lost  from  solutions  of  the  above-mentioned  strength  by  mere  dropping 
from  one  vessel  to  another,  may  be  seen  from  the  following 
experiments : — 

Experiment  I. — A  small  glass  of  9-834  cub.  cent,  capacity,  fur- 
nished with  a  well-closing  glass  stopper,  was  filled  with  chlorine- 
solution,  which  was  quickly  emptied  into  a  solution  of  iodide  of 
potassium. 

The  volumetric  analysis  gave — 

n  =  2         /=  107-3         ^1  =  99-6         «  =  0-0005952. 

This  is  equivalent  to  1-945  grm.  chlorine  in  1000  grms.  of  water. 
The  experiment  repeated,  with  the  difference  that  the  chlorine  water 
was  slowly  dropped  into  the  solution  of  iodide,  according  to  the  plan 
adopted  by  Dr.  Wittwer  in  his  volumetric  analysis,  gave  the  follow- 
ing results  : — 

n  =  l         ^  =  107-2         /i  =  l-4         «  =  00005952 
or,  in  1000  grms.  liquid,  1*790  chlorine. 

Experiment  II. — The  same  volume  of  liquid  previously  employed, 
poured  quickly  out,  gave — 

71=1         /  =  107-3         ^1  =  1*3         «  =  0-0005952; 
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or  1-792  chlorine  in  1000  water.     When  dropped  out,  the   amount 
obtained  was — 

n=l         1  =  1073         t^  =  10'S  a  =  0-0005952; 
or  ]  '633  chlorine  in  1000  parts  of  water. 

Experiment  III. — By  quickly  pouring  out,  the  following  values 
were  obtained : — 

n=l         t=US-S         /i  =  56-9  «  =  0-0007075  : 
which  is  equivalent  to  1*838  chlorine  per  thousand.     By  dropping,  the 
same  volume  gave — 

n=l         ^  =  148-3         ^1  =  670  a  =  0-0007075; 
or  1-635  chlorine  per  thousand. 

Experiment  IV. — Quickly  poured  out,  the  same  volume  of  solution 
gave—        71=1         /  =  148-2         ^^1  =  62-0         a  =  0-0007075; 
or  1-733  chlorine  per  thousand. 

Dropped  slowly,  the  same  volume  of  liquid  gave — 

n  =  l         t=US-2         ^1  =  68-6         a  =  0*0007075 ; 
or  1*601  chlorine  per  thousand. 

The  first  of  the  following  columns  shows  the  amount  of  chlorine 
after  quickly  mixing;  the  second,  after  dropping  slowly;  and  the 
third,  the  loss  of  chlorine  during  the  dropping,  expressed  in  per- 


tage  :— 

I. 

II. 

III. 

1-945 

1-789 

8-0 

1*792 

1-633 

.8-9 

1-838 

1-635 

11*1 

1-733 

1-601 

76 

The  loss  of  chlorine  amounts,  therefore,  to  a  mean  of  9  per  cent. 

When  we  consider  that  a  loss  of  chlorine  must  ensue  even  in  that 
portion  which  is  quickly  poured  from  the  stoppered  bottle,  and  also 
that  a  great  part  of  Dr.  Wittwer^s  experiments  were  made  with 
more  concentrated  solutions  than  the  above,  it  is  clearly  seen  that 
the  error  to  which  Dr.  Wittwer  is  liable  from  his  method  of  experi- 
menting is  at  lea%t  9  per  cent,  of  the  total  amount  of  free  chlorine 
contained  in  the  solution.  Let  us  now  examine  the  relation  in  which 
this  source  of  error  stands  to  the  accuracy  of  the  experiments  given 
on  page  599  of  the  quoted  memoir. 

In  order  to  make  this  comparison  more  clear,  we  have  arranged  the 
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following  Table,  in  which  the  first  column  shows  the  per-centage  loss 
of  chlorine  which  Dr.  Wittwer  found  by  exposing  the  chlorine  solu- 
tions to  the  light ;  and  the  second,  the  loss  of  chlorine  which,  according 
to  his  theory,  he  should  have  found  if  his  experiments  had  been  free 
from  observational  errors. 

The  loss  of  chlorine  produced  by  insolation,  expressed  in  per-centage, 
on  the  amount  of  chlorine  originally  contained : — 


Experiment     I. 
II. 

in. 

IV. 

V. 

VI. 

VII. 


W^e  have  just  shown  that  even  the  error  occurring  from  diffusion 
can,  on  an  average,  amount  to  9  units  of  the  foregoing  numbers,  and, 
therefore,  in  a  few  of  the  experiments,  is  greater  than  the  total  loss 
from  which  the  theory  is  deduced.  If,  under  such  circumstances,  it  is 
difficult  to  understand  how  Dr.  Wittwer  could  employ  so  inaccurate 
a  method,  it  is  perfectly  unintelligible  how,  using  this  method,  he  has 
arrived  at  results  which  do  not  in  any  instance  show  an  error  of  more 
than  3  per  cent.  We  mention  another  example  which  shows  how  little 
Dr.  Wittwer  has  considered  or  removed  the  errors  which  ensue  from 
the  phenomena  of  the  diffusion  of  gases.  At  page  608  of  the  memoir, 
we  read ;  ^'  The  action  of  chlorine  on  the  vapour  of  water  must  here  be 
noticed.  In  order  that  water  be  transformed  into  the  vapoury  con- 
dition, it  is  well  known  that  1  grm.  must  take  up  550  heat-units ; 
but  its  constituent  atoms,  on  account  of  this  heat,  are  less  strongly 
attracted   together;   and    when    chlorine    acts   upon  the   vapour  in 
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28-1 

28-0 

28-1 

27-4 

28-1 

27-3 

27-3 

28-4 

27-3 

25-7 
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41-2 

41-2 

42-6 

41-2 

40-9 

41-2 

10-4 

10-4 

]1'5 

10-4 

10-4 

10-4 

8-9 

8-9 

7-8 

8-9 

8-0 

8-9 

33-6 

33-6 

35-0 

33-6 

35-4 

33-6 

9-9 

9-9 

12-4 

9-9 

10-9 

9-9 
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presence  of  ligbt^  the  action  proceeds  more  rapidly  than  with  liquid 
water." 

We  find  the  following  experiments  cited  as  proof  of  this  opinion  : — 
Portions  of  the  same  chlorine-solution  (of  strength  3*720  per  thou- 
sand) were  poured  into  three  small  bottles  :  the  first  was  completely 
filled,  the  second  to  one-half  of  its  volume,  the  third  to  one  quarter  of 
its  volume,  and  the  three  exposed  to  the  action  of  the  light  for  the  same 
period.  The  first  lost  17-07,  the  second  32*00,  and  the  third  48*47 
per  cent,  of  chlorine.  Dr.  Wittwer  ascribes  these  differences  to  a 
change  of  affinity  arising  from  the  latent  heat  of  the  vapour  of  water ; 
and  he  has  not  considered  that  an  interchange  must  take  place  between 
the  chlorine  in  solution,  and  the  atmosphere  of  nitrogen  and  oxygen, 
which  exists  above  the  liquid;  and  that  therefore,  according  to  the 
laws  of  gas-absorption,  the  loss  of  dissolved  chlorine  is  greater 
as  the  relative  volume  of  the  air  to  the  water  increases.  We  have 
repeated  the  experiment,  differing  only  from  Dr.  Wittwer's  by  the 
circumstance  that  we  allowed  the  air  and  chlorine-water  contained  in 
well-stoppered  bottles  to  remain  in  contact  during  entire  absence  of 
light.  After  the  lapse  of  even  four  hours,  the  influence  of  diffusive 
absorption  has  become  so  visible,  as  is  seen  from  the  following  Table, 
that  we  must  conclude  that  Dr.  Wittwer  has  determined  rather  this 


action  than  that  of  the  light. 


Table  I. 


Volume. 

n 

h 

t 

Chlorine  in 
1000  water. 

Bottle  completely  filled  . 
Ditto  half  filled      .     .     . 
Ditto  quarter  filled     .     . 
Ditto   ditto 

18-83 
26-28 
11-42 
10-00 

5 

6 
2 
2 

132-0 

112-0 

12-5 

380 

133-2 
133-0 
129-0 

128-7 

4-717 
4-341 

3-576 
3-650 

The  bottles  were  analysed  four  hours  after  filling :  the  amount  of 
iodine  contained  in  one  burette-division  was  a  =  0*0005952.  The  bottle 
which  was  half  filled  lost,  therefore,  by  standing  four  hours  in  the 
dark,  8  per  cent,  of  its  amount  of  chlorine  ;  the  two  filled  to  a  quarter 
of  their  volume  lo*.  22*6  and  24*2  per  cent.  The  cause  of  this  con- 
siderable loss  of  chlorine  might  be  ascribed  chiefly  to  the  concentra- 
tion of  the  solution.  We  have,  therefore,  made  a  set  of  similar  deter- 
minations with  dilute  solutions  of  chlorine ;  but  in  this,  as  in  the 
former  case,  a  considerable  loss  of  chlorine  was  obtained. 
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Table  II. 
The  solutions  stood  in  the  dark  for  4  hours  after  filling ;  a  =  0'00O5952. 


Bottle  filled  full  . 
Ditto  half  filled  . 
Ditto  quarter  filled 


Yolunie. 


18-83 
23-80 
10-20 


189-0 
lb9-0 
189-0 


18-8 
170-8 
106-0 


Chlorine  in 
1000  parts. 


1-503 
1-448 
1-353 


Table  III. 


The  solutions  stoodinthe  dark  for  lohours  after  filling,  a  = 

=  00005952. 

Volume. 

n 

t 

ty 

Chlorine  in 
1000  parts. 

Bottle  filled  full      .     .     . 
Ditto  half  filled      .     .     . 
Ditto  quarter  filled      .     . 
Ditto  ditto 

18-83 
29-55 
10-60 

i2-ir> 

I 
2 
1 
1 

182-0 
182-0 
181-0 

183-8 

15-0 
119-3 
106-0 

98-0 

1-475 
1-377 
1177 
1-174 

The  bottles  filled  to  one-half  lost,  therefore,  ^'66  and  6*64  per  cent, 
of  chlorine ;  those  filled  to  one-quarter  lost  9*98,  20*2,  and  20*4  per 
cent,  respectively. 

If  we  now  remember  that,  by  dropping  the  chlorine- water  into  the 
normal  solution,  Dr.  Wittwer  must  have  had  a  still  greater  loss  of 
chlorine,  there  can  be  little  doubt  concerning  the  amount  of  reliance 
to  be  placed  in  the  experimental  results  which  he  has  obtained. 

We  have,  in  our  experiments,  eHminated  these  large  errors  ensuing 
from  gas-absorption,  by  insolating  the  chlorine- water  contained  in 
hermetically  sealed  tubes  in  which  the  volume  of  the  air  to  that  of 
the  liquid  employed  was  inappreciably  small.  Equal  lengths  of  the 
same  glass  tube  carefully  cleaned,  and  as  free  as  possible  from  irre- 
gularities, of  about  18  millimetres  diameter,  were  drawn  out  to  fine 
long  points  at  each  end.  All  these  tubes  were  then  dipped  into 
a  deep  vessel  containing  a  perfectly  well-mixed  chlorine*  solution, 
until  the  upper  end  of  the  tube  just  appeared  above  the  surface  of  the 
liquid.  The  chlorine  water  which  rises  from  the  bottom  of  the  vessel 
thus  comes  in  contact  with  the  air  of  the  tube  for  scarcely  a  single 


*  The  chlorine  solutions  employed  in  all  these  experiments  were  prepared  and  aftcr- 
■wards  preserved  in  a  room  from  which  all  daylight  was  excluded. 
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second,  and  without  the  slightest  agitation.  After  a  small  ball  of 
wax  had  been  pressed  on  the  end  which  rose  out  of  the  liquid,  the 
whole  tube  was  withdrawn  from  the  solution,  and,  by  means  of  the 
blowpipe,  hermetically  closed  at  both  ends.  A  small  bubble  of  air 
remained  above  the  liquid,  large  enough  to  prevent  the  tube  from 
bursting  by  any  subsequent  alteration  of  temperature.  The  tube, 
which  was  weighed  before  the  experiment,  was,  after  filling,  again 
weighed  (by  candle-light),  together  with  the  ends  melted  off  before 
the  blowpipe,  and  the  difference  of  these  two  weights  gave  the  amount 
of  chlorine-water  contained  in  the  tube.  By  this  mode  of  filling  the 
tubes,  the  chlorine- water  comes  in  contact  for  scarcely  a  second  with  a 
perfectly  undisturbed  column  of  air  of  only  250  square  millimeters  sur- 
face, and  is  then  immediately  prevented  from  further  contact  by  being 
hermetically  closed.  We  are  thus  perfectly  sure  that  the  disturbing 
influences  of  difi'usion  ,are  fully  eliminated.  In  order  to  avoid  the 
same  source  of  error  during  the  analysis,  the  tube  w^as  held  vertically, 
and  its  lower  end  broken  under  the  iodide  of  potassium  solution,  and 
afterwards  the  upper  one  also  opened,  so  that  the  chlorine-solution 
flowed  into  the  iodide  without  comins;  in  contact  with  the  outer  air. 
The  chlorine-solution  which  remains  on  the  inner  surface  of  the  tube 
is  easily  collected  by  washing  out  with  a  few  drops  of  iodide-solution. 
The  weight  of  chlorine  (C)  equivalent  to  the  amount  of  liberated  iodine 
is  found,  according  to  the  method  described  by  one  of  us  in  the  Ann. 
Chem.  u.  Pharm.  Bd.  Ixxxvi.  265,*  by  means  of  the  following  formula: 

C=  "Y  a[nt—t^) 

After  these  remarks  we  proceed  to  a  critical  examination  of  Dr. 
Wittwer''s  research.  The  starting-point  and  basis  of  all  the  conclu- 
sions contained  in  the  memoir  are  found  in  the  following  sentence 
(p.  598)  :— 

"By  equal  amounts  of  light,  the  quantity  of  hydrochloric  acid 
formed  is  proportional  to  the  strength  of  the  chlorine-water.^^ 

The  supposition  of  such  a  proportional  action  appears,  even  from 
a  theoretical  point  of  view,  in  the  highest  degree  improbable.  It 
would  require  the  further  assumption  that  the  chemical  attraction 
which  the  chlorine  exerts  on  the  particles  of  hydrogen  of  the  water  is 
independent  of  the  ghemical  attractions  of  the  remaining  bodies  either 
already  present  or  formed  during  the  decomposition ;  whilst  daily 
occurring  examples  teach  us  that  affinity  must  be  considered  as  the 
resultant,  not  only  of  the  attractions  of  the  combining  molecules,  but 

*  See  also  page  219  of  this  volume. 
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also  of  all  those  present  within  the  sphere  of  the  chemical  action ; 
and  that  the  magnitude  of  the  chemical  affinity  is  changed  according 
to  the  relative  number  and  material  differences  of  the  molecules, — 
dependent,  however,  upon  laws  which  are  as  yet  quite  unknown. 
Nitrogen  in  the  free  state  is  certainly  one  of  the  most  indifferent 
bodies  known,  and  still  the  mere  presence  of  this  substance  is  suffi- 
cient to  change  the  affinity  of  oxygen  to  hydrogen  to  such  an  extent 
that,  in  order  to  induce  the  combination  of  the  latter  gases,  it  is  neces- 
sary to  raise  their  temperature  to  a  very  different  degree  than  that 
required  if  oxygen  and  hydrogen  be  alone  present  :  an  exactly  similar 
action  is  found  to  take  place  in  mixtures  of  all  gases.  The  numberless 
phenomena  which  we  class  under  the  term  "  Catalysis,^^  are  merely 
special  cases  in  which  this  general  action  of  affinity  is  rendered  more 
strikingly  evident.  The  consideration  of  phenomena  of  this  kind 
makes  it  at  once  unlikely  that  the  force  with  which  chlorine  decom- 
poses water  should  neither  be  influenced  by  the  volume  of  the  water 
present,  nor  by  the  interchange  which  takes  place  between  the  water 
and  the  chlorine  and  oxygen  and  hydrochloric  acid  formed  during  the 
decomposition. 

Dr.  Wittwer  has  so  little  considered  the  action  of  these  causes  on 
chemical  affinity,  that  he  states  that  the  presence  of  hydrochloric  acid 
is  indifferent,  and  specially  mentions  (p.  611)  that  he  has  convinced 
himself,  by  various  experiments,  of  this  indifference.  The  following 
facts  will  sufficiently  show  how  far  this  statement  is  at  variance  with 
the  truth.  The  gas  obtained  by  electrolysis  of  pure  concentrated 
hydrochloric  acid,  evolved  from  poles  of  pure  carbon,  consists,  as  one 
of  us  has  shown,  of  exactly  equal  volumes  of  chlorine  and  hydrogen. 
When  this  gas,  freed  from  all  trace  of  hydrochloric  acid  by  passing 
through  water,  is  then  dried  over  chloride  of  calcium,  and  collected 
with  the  necessary  precautions,  the  affinity  of  the  two  gases  is  such, 
that  volumes  from  50  to  60  cub.  cent.,  when  exposed,  even  on  dark 
days,  to  the  diffuse  light  of  a  room,  unite  with  explosion.  The  same  gas 
collected  over  tolerably  concentrated  hydrochloric  acid  may  be  exposed 
to  the  direct  rays  of  the  sun,  without  any  fear  of  explosion  occurring, 
the  combination  taking  place  gradually.  Here,  then,  we  have  a  case 
in  which  the  diminution  of  the  force  of  affinity  of  chlorine,  owing  to 
the  presence  of  hydrochloric  acid,  is  most  clearly  shown.  It  is  now 
not  difficult  to  prove  that,  in  the  decomposition  of  water  by  chlorine, 
the  affinity  of  the  latter  to  hydrogen  is  altered  by  the  formation  of 
hydrochloric  acid.  Nearly  two  years  ago  we  filled  a  glass  tube  of 
82*3  cub.  cent.,  containing  about  a  gramme  of  water,  with  chemically 
pure  chlorine,  and  closed  it  hermetically  before  the  blowpipe.   This  tube 
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was  exposed  to  the  direct  rays  of  the  sun,  and  to  diffused  light,  for  the 
space  of  more  than  twenty  months,  without  appreciably  changing  its 
colour ;  and  after  this  period  it  was  opened  under  a  tolerably  concen- 
trated solution  of  potash.  The  amount  of  non -absorbed  gas  was 
found  to  be  only  2*4  per  cent,  of  the  chlorine  employed.  From  this 
experiment  it  may  be  concluded  that  the  affinity  of  chlorine  to  hydro- 
gen becomes  inappreciably  small  as  soon  as  a  certain  amount  of 
hydrochloric  acid  is  formed.  The  following  numerical  data  show  the 
great  retarding  influence  which  hydrochloric  acid  exerts  upon  the 
decomposing  force  of  chlorine  on  water  : — 

Table  IV. 
Time  of  Insolation,  I  hour  direct  sunlight. 


Pure  Chlorine  Water. 

Chlorine  Water  with  10  per 
cent.  Hydrochloric  Acid. 

a =0-0007075 

Before 
insolation. 

After 
insolation. 

Before 
insolation. 

After  - 
insolation. 

Weight    of   solution    in 

grammes 

t 

h 

n 

Chlorine  in  1000  parts    . 
Of    100     chlorine    de- 
composed   

29-057 
150-5 
11-4 

1 
1017 

0-0 

29-373 
135-7 
95-4 

1 
0-271 

73-4 

27-403 
133-2 
24-6 

1 
0-782 

0-0 

28-601 
135-7 
22-6 
1 

0-782 

0-0 

Table  V. 
Exposed  for  6  hours  to  direct  and  diffuse  sunlight. 


Pure  Chlorine  Water. 

Chlorine  Water  with 
10  per  cent.  HCl. 

a  =  0-0007075 

Before 
insolation. 

After 
insolation. 

Before            After 
insolation,     insolation. 

Weight  of  solution  taken  .     . 

t *  .     . 

U 

29-001 
133-3 
115-0 

2 

1-0338 
0-0 

27-832 

8-4 

7-8 

1 

000426 
99-6 

27-463 
133-2 
24-6 

1 

0-7820 

0-0 

29-378 
132-5 
17-8 

n 

1 

Chlorine  in  1000  water      .     . 
Of  100  chlorine  decomposed  . 

0-7720 
1-3 
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Table  VI. 
Iiisolated  1  hour  in  diffuse  light,  and  afterwards  30  minutes  in  direct 

sunlight. 


Pure  Chlorine  Water. 

Chlorine  Water  with  3  per 
cent.  Hydrocliloric  Acid. 

a  =  0-0007075 

Before 
insolation. 

After 
insolation. 

Before 
insolation. 

After 
insolation. 

Weight  of  solution  employed 

29-831 
108-8 
62-0 

3 

1-753 

0-0 

29-484 
1071 
102-0 
3 

1-471 
161 

28-560 
108-7 
92-0 

3 

1-621 

0-0 

29-804 
107-1 

L 

77-0 

71 

Cl)lorine  in  1 000  water      ,     . 
Of  100  chlorine  decomposed 

3 

1-620 

0-0 

Table  VII. 
Insolated  in  I  hour  diffuse,  ^nd  30  minutes  direct  sunlight. 


Pure  Chlorine  Water. 

Chlorine  Water  with  3  per 
cent.  Hydrochloric  Acid. 

a  =  00007075 

Before 
insolation. 

After 
msolation. 

Before 
insolation. 

After 
insolation. 

Weight  of  chlorine  water  .     . 
t 

29-781 
108-6 
854 
2 

0-8750 
■   0-0 

32-131 
107-1 
97  0 

2 

0-7213 
17-6 

27-185 
108-6 
1-0 
1 

0-7825 
0-0 

31-761 
107-0 

^j 

87-2 

u              .               .     .                . 

2 

Chlorine  in  1000  water      .     . 
Of  100  chlorine  decomposed  . 

0-7893 
09 

From  Table  IV.  it  is  seen  that  a  solution  of  chlorine  exposed  to 
direct  sunlight  during  one  hour  lost  73*4  per  cent,  of  chlorine. 
The  same  solution  to  which  10  per  cent,  of  hydrochloric  acid  was 
added,  was  not  the  least  altered  by  exposure  during  the  same  time. 
According  to  Table  V.,  a  solution  of  chlorine,  exposed  for  upwards  of 
six  hours  to  direct  and  diffuse  sunlight,  lost  99*6  per  cent,  or  nearly 
the  total  amount  of  contained  chlorine.  By  addition  of  10  per  cfint, 
of  hydrochloric  acid,  the  action  during  the  same  time  is  reduced 
to  1*3  per  cent.  In  Tables  VI.  and  VII.,  chlorine  water,  exposed  to 
diffuse  light  for  1  hour,  and  to  the  sun^s  direct  rays  for  30  minutes, 
lost  from  16-1  to  17'6  per  cent,  of  chlorine ;  mixed  with  3  per  cent, 
of  hydrochloric  acid,  and  subjected  to  a  similar  insolation,  the  amount 
of  chlorine  remained  unaltered. 

In  order  to  give  a  still  further  confirmation  of  the  subject  under 
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consideration,  we  mention  one  other  experiment,  made  a  year  ago, 
which  shows  that  the  decomposing  force  which  bromine  exerts  upon 
water  containing  a  small  quantity  of  alcohol,  is  considerably  altered 
by  the  presence  of  hydrobromic  acid. 


Table  VIII. 

Alcoholic  Bromine  Water. 

:       Ditto  with  \  to  f  per  cent. 
1             Hydrobromic  Acid. 

I. 

II. 

III. 

IT. 

Y. 

VI. 

Time  of  insolatior] 

Weight  of  solution  in  grammes 

200 
47-0 
19-4 

1 

1  065 

0-0 

30' 

200 
46-2 
32-8 

1 

0-954 
51-5 

!    _ 

1    200 
1  47-0 
il9-4 

!     I 

1    1-9G6 
0-0 

30' 

200 
46-2 
21-5 

1 

1-759 
10-5 

45 

200 
46-2 
24-0 

1 

1-581 

0-0 

60' 

200 

44-4 

h 

n  (a=0-0092593) 

Bromine  in  1000  water     .     .     . 
Loss  of  bromine  per  cent.      .     . 

21-7 

] 

1-617 
1775 

The  lowest  horizontal  division  in  the  Table  shows  that  the  loss  of 
bromine  in  the  liquid  free  from  acid,  during  an  exposure  of  thirty 
minutes,  amounted  to  51*5  per  cent. ;  that  the  loss,  during  the  same 
period,  of  the  solution  containing  only  1  per  cent,  of  hydrobromic  acid, 
was  only  10*5  per  cent.,  and  during  a  period  twice  as  long,  17'75  per 
cent. 

From  all  these  experiments,  there  cannot,  therefore,  be  the 
slightest  doubt  that  the  hydrochloric  acid  produced  by  the  decompo- 
sition of  water  by  chlorine  exerts  a  very  strong  retarding  action  on 
the  affinity  of  chlorine  for  hydrogen. 

We  are  unable  to  conceive  what  circumstances  can  have  induced 
Dr.  Witt  we  r*  to  ignore  these  plain  facts,  as  no  single  one  of  his 
"  often  repeated^'  experiments  on  this  subject  is  given  in  his  memoir. 
Dr.  Wittwer's  fundamental  experiments  are,  however,  still  more 
inexplicable.  It  is  difficult  to  conceive  how  a  mode  of  experiment 
which  is  accompanied  by  a  mean  error  of  9  per  cent,  can  give  results 
whose  inaccuracy  scarcely  reaches  the  error  incurred  by  the  weighing ; 
and  how  these  numbers  can  stand  in  perfect  harmony  with  a  hypo- 
thesis which,  as  our  experiments  show,  has  no  application  to  the 
decomposition  of  chlorine-water.  Dr.  Wittwer^s  theory  starts  from 
the  supposition  that*  aqueous  solutions  of  chlorine  lose,  by  equal 
insolation,  an  equal  fraction  of  the  originally  contained  chlorine, — with 

*  Dr.  Wittwer  actually  proposes  to  employ  a  solution  of  chloride  of  lime,  decom- 
posed by  hydrochloric  acid,  as  an  absolute  measure  of  the  chemical  rays. 
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the  limitation,  however,  that  the  layer  of  chlorine  water  does  not 
exceed  a  certain  thickness. 

To  satisfy  this  condition,  the  following  experiments,  which  we  have 
arranged  in  a  tabular  form,  were  conducted  with  hermetically  sealed 
tubes  of  20  millimeters  diameter,  and,  therefore,  smaller  than  the 
stoppered  bottle  employed  by  Dr.  Wittwer.  In  spite  of  this,  our 
experiments  do  not  show  even  approximation  to  the  law  founded  by 
Dr.  Wittwer.  The  theory  requires  that  the  per-centage  decompo- 
sition remain  constant  for  all  concentrations  of  the  chlorine  solutions ; 
the  results  of  the  following  Tables  show  that  in  every  case  a  different 
per-centage  decomposition  was  obtained. 


1  Table     IX. 

11-94  and  15-7 

X. 

430     „     37-5 

XI. 

45-9     „     53-6 

XII. 

68-6     „     75-3 

XIII. 

81-8     „     88-2 

XIV. 

73-3     „     58-7 

}i 


}) 


ii 


and  40-4  per  cent. 
„   63  8       „ 

„    77-7 


a 


Table  IX. 
Pure  Chlorine-water  exposed  to  diffuse  light  for  69  hours. 


a=O-OOO7075 

Before 
insolation. 

After 
insolation. 

Before 
insolation. 

After 
insolation. 

Weight  of  solution    .... 
t 

32-786 
144-5 
9-0 
2 

1-6884 
0-0 

27-879 
145-5 
81-0 
2 

1-4896 
11-94 

29-781 
108-6 
85-4 

2 

0-8752 

0-0 

28-142 
1450 

i^ 

40-0 

n 

1 

Chlorine  in  1000  water.     .     . 
Of  100  chlorine  decomposed  . 

0-7378 
15-7 

Table  X. 
Pure  Chlorine-water  exposed  to  diffuse  light  for  168  hours. 


a -0-0007075 

Before 
insolation. 

After 
insolation. 

Before 
insolation. 

After 
insolation. 

Weight  of  solution  taken  .     . 

t 

L 

27199 
136-8 
25-0 

2 

1-8074 

0-0 

25-685 

135-2 

1-3 

1 

1-0309 

43-0 

30-525 
136-2 
3-0 
1 

0-8629 
0-0 

27-570 
135-2 
60-0 

n 

Chlorine  in  1000  water      .     . 
Of  100  chlorine  decomposed  . 

1 

0-5394 
37-5 
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Table  XL 
Pure  Chlorine-water  exposed  1  hour  to  direct  sunlight. 


a  =  0-0007075. 

Before 

After 

Before 

After 

Before 

After 

insolation 

insolation 

insolation 

insolation 

insolation 

insolation 

Weight  of  solution  . 

24-070 

25-158 

27-020 

27156 

27-537 

21-378 

t 

1100 

109-8 

109-0 

109-8 

109-8 

109-8 

h 

5-5 

36-0 

75-5 

43-4 

27-9 

71-9 

n 

3 

.    2 

2 

1 

1 

1 

Chlorine    in     1000 

water      .... 

2-669 

1-4432 

1-0427 

0-4835 

0-5881 

0-3506 

Of  100  chlorine  de- 

composed   .     .     . 

0-0 

45-9 

0-0 

53-6 

0-0 

40-4 

Table  XII. 
Pure  Chlorine-water  exposed  for  1  hour  30  minutes  to  direct  sunlight. 


0=0-0007075. 


Weight  of  chlorine 
water      .     .     .     . 

t 

h 

Chlorine    in    1000 
parts  water      .     . 

Of  100  chlorine  de- 
composed   .     .     . 


Before         After 
insolation  insolation 


24-070 
1100 
5-5 
3 

2-669 

0-0 


27-204 
122-7 
7-5 
1 

0-8374 

68-6 


Before 
insolation 


27-020 
109-9 
79-5 
2 

1-0268 

0-0 


After 
insolation 


27-889 
13-4 

4-4 

3 

0-2538 
75-3 


Before 
insolation 


27-537 
109-8 
27-9 
1 

0-5880 

0-0 


After 
insolation 


28-433 
13-2 

8-2 
3 

0-2184 

62-8 


Table  XIII. 
Pure  Chlorine-water  exposed  for  2  hours  to  direct  sunlight. 


a  =  0-0007075. 

Before 
insolation 

After 
insolation 

Before 
insolation 

After 
insolation 

Before 
insolation 

After 
insolation 

Weight  of  chlorine 
water      .... 

t 

ifj 

n       

Chlorine    in    1000 
parts  water      .     . 

Of  100  chlorine  de- 
composed   .     .     . 

24-070 
110-0 
5-5 
% 

2-669 

0-0 

25-716 
109-5 
509 
1 

0-4506 

81-8 

27-020 
109-9 
79-5 
2 

1-0268 

0-0 

25-387 
13-2 
10-9 
2 

0-1208 

88-2 

27-537 
109-8 
27-9 
1 

0-5881 

0-0 

23-110 
13-2 

iri 

2 

0-1309 
77-9 
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Table  XIV. 
Pure  Chlorine-water  exposed  for  2  hours  to  the  direct  sunlight. 


a  =  0  0007075. 

Before 
insolation. 

After 
insolation. 

Before 
insolation. 

After 
insolation. 

Weight  of  chlorine  water  .     . 

t 

t,                       ..... 

27-075 
150-5 
11-4 

1 

1-0166 

0-0 

29  373 
135-7 
95-4 

0  2713 
73-3 

29-300 
133-1 
57-0 

1 

0-5136 

0-0 

25-755 
135-6 

108-0 

n 

1 

Chlorine  in  1000  parts  water. 
Of  100  chlorine  decomposed  . 

0-2119 

58-7 

If  we  suppose^  as  is  most  simple^,  that  the  decomposing  force  of  the 
light  is  proportional,  firstly  to  the  length  of  exposure  and  to  the 
intensity  of  the  light,  and  secondly  to  the  mass  of  decomposing  sub- 
stance present  in  the  unit  of  volume,  it  is  seen  from  the  foregoing 
Tables  that  the  affinity  of  the  chlorine  to  the  hydrogen  of  the  water 
first  increases  by  diminution  of  the  amount  of  contained  chlorine,  then 
attains  a  maximum,  and  afterwards  again  diminishes.  Numerous 
instances  of  such  a  mode  of  action  of  affinity  will  occur  to  every 
chemist. 

Although,  after  all  these  explanations,  it  must  appear  almost  unne- 
cessary further  to  examine  Dr.  Wittwer's  experiments,  we  have 
repeated  the  experiment  cited  in  the  research  at  pages  600  and  601. 
Our  only  object  in  continuing  this  examination  was  the  wish  to  leave 
no  means  untried  which  by  any  chance  could  lead  to  an  explanation 
of  the  above  contradictions.  Here,  also,  as  might  be  expected,  our 
attempts  were  fruitless.  In  order  more  fully  to  establish  his  sup- 
position that,  by  equal  intensities  of  light,  the  amount  of  hydro- 
chloric acid  produced  is  proportional  to  the  contained  chlorine,  Dr. 
Wittwer  shows  by  experiments  (which  again,  in  spite  of  the  source 
of  error  above  mentioned,  agree  precisely  with  the  theory  to  be  proved) 
that  the  alteration  of  the  chlorine  solution  is  proportional  to  the 
product  of  the  amount  of  light  into  the  strength  of  the  chlorine- 
w^ater,  and  the  time  of  exposure.  In  this  experiment  he  determined 
the  loss  which  a  solution  of  chlorine  suffers  by  exposure  for  10,  20, 
30,  and  40  minutes  each,  during  a  constant  intensity  of  light.  From 
8  the  original  strength  of  the  chlorine -water,  and  s  the  strength 
after  insolation  during  a  time  /,  he  finds  the  intensity  /  of  the  light 
for  the  whole  time  during  which  his  experiment  lasted ;  and  his 
numbers  agree  as  far  as  the  third  decimal  figure. 
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On  page  601 

of  Dr. 

Wittwer's 

memoir, 

we  find  t" 

3xperiraent ; — 

t 

s 

/ 

10'     . 

21659 

0-11607 

20'     . 

1-9164 

0-11923 

30'     . 

1-7279 

0-11398 

40'     . 

1-5239 

011690 

50'     . 

1-3660 

0-11541 

The  first  column  expresses  .the  time  of  insolation ;  the  second,  the 
amount  of  chlorine  contained  in  1000  parts  of  liquid  which,  before 
insolation,  contained  2-4324  chlorine  in  1000  parts.  We  have  already 
shown  that  the  mean  error  which  is  caused  by  diffusion  during  the 
dropping  out  of  the  chlorine-solution,  amounts  to  about  9  per  cent. 
Supposing,  now,  that  this  error  is  twice  as  large  as  that  actually  pre- 
sent,— that  is,  suppose  that  the  real  error  amounts  to  4-5  per  cent., — 
the  inaccuracy  to  which  Dr.  Wittwer  is  then  liable  is  so  large,  that 
in  his  first  observation,  for  example,  he  may  just  as  probably  have 
obtained  the  number  0*16206,  instead  of  0-11607,  as  the  value  of  /. 

In  order  to  avoid  all  disturbing  influences  in  our  experiments,  we 
conducted  them  precisely  under  the  outward  circumstances  mentioned 
by  Dr.  Wittwer  :  we  also  chose  for  our  insolation  the  noon  of  a 
cloudless  day.  The  probability  that  the  value  of  /  remained  constant 
during  our  determination,  is  four  times  larger  than  is  the  case  with 
Dr.  Wittwer's  experiment,  as  we  conducted  the  insolation  according 
to  a  system  which  required  that  the  light  should  remain  constant  for 
a  period  only  one-fourth  so  long.  The  following  is  a  description  of 
the  method  which  we  employed  : — Suppose  that  five  tubes  containing 
chlorine-water  be  exposed  to  the  same  amount  of  light  during  varying 
lengths  of  time ;  for  instance,  the  first  for  18  minutes,  the  second  for 
twice  18  minutes,  the  third  for  three  times  18  minutes,  and  so  on ; 
all  the  tubes  are  exposed  at  the  same  moment,  and  after  the  lapse 
of  every  18  minutes  each  one  of  the  tubes  may  be  covered.  As  the 
first  tube  was  insolated  for  only  18  minutes,  the  last,  on  the  other 
hand,  for  90  minutes,  it  is  necessary  that  the  amount  of  light  remain 
constant  for  90  minutes.  If,  on  the  contrary,  all  the  tubes  be  exposed 
to  begin  with  togetlier,  but  the  first  insolated  for  3  minutes,  the 
second  for  6  minutes,  the  third  for  9  minutes,  the  fourth  for  12 
minutes,  the  fifth  for  15  minutes,  and  if  this  regular  opening  and 
covering  of  the  tubes  be  repeated  for  each  18  minutes,  the  light  is 
only  required  to  remain  constant  for  18  minutes,  and  gives  results  as 
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accurate  as  the  other  method,  which  requires  a  constant  source  of 
light  of  90  minutes  duration. 

In  the  following  experiment,  5  sealed  tubes  of  chlorine-water,  of  the 
strength  >Si  =  0-2641  per  cent,  of  chlorine,  were  insolated  according  to 
the  preceding  system,  so  that  the  exposure  lasted  from  18  minutes  up 
to  90  minutes.  The  required  condition  for  a  constant  value  of  /  was 
therefore  given  when  the  alteration  of  the  intensity  during  every  18 
minutes  is  taken  as  inappreciable;  whereas  in  Dr.  Wittwer's  expe- 
riment a  constant  intensity  for  1  hour  10  minutes  is  necessary. 


Table  XV. 

Duration  of  the  experiment  1  hour  30  minutes. 

Pure  Chlorine- water,  a  =  0-00059018. 


Length  of  insolation. 


Weight  of  chlorine- 
water      .     .     .     . 
t 

h 

n 

Chlorine     in     1000 

parts  water      .     . 

Value  of  7.     .     .     . 


Not 
insolated. 


24-248 
125-5 
113-8 
4 

2-6409 
0-0 


18' in 
sunlight. 


25^205 
125-5 
57  1 


2-0904 
0-0180 


36'  in 

sunlight. 


24-566 
1260 
1-0 

2 

1-6854 
0-0125 


54/  in 

sunlight. 


23-538 
1260 
77-3 
2 

1-2244 
00142 


72' in 

sunlight. 


23-448 
126-0 
27-5 
1 

0  09297 
0-0186 


90'  in 

sunlight. 


23-311 
126-0 
61-4 

1 

0-4752 
0-0195 


The  lowest  line  of  the  preceding  Table  contains  the  values  of  /  cal- 
culated from  each  experiment ;  it  is  here  seen  that  these  numbers  are 
anything  but  constant,  varying  from  0-013  to  0-019. 

In  reviewing  the  results  of  our  experiments,  we  find  the  following 
conclusions  justified  : — 

1.  The  'products  formed  hy  the  'photochemical  decompositio'n  of 

chlorine-water  exert  a  retarding  action  on  the  amount  of  the 
original  affinity  of  the  chlorine, 

2.  The  decomposing   action   of  chlorine  on  water   is   therefore 

neither  proportional  to  the  length  and  intensity  of  the  inso- 
lation j  nor  to  the  strength  of  the  chlorine-water. 

As  the  photochemical  action  is  thus  accompanied  by  a  simulta- 
neous change  in  the  affinity,  dependent  on  laws  altogether  unknown, 
it  would  be  a  completely  hopeless  task  to  endeavour  to  arrive  at  the 
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laws  of  the  chemical  action  of  light  by  the  insolation  of  chlorine- 
water.  We  have,  therefore,  for  upwards  of  a  year  given  up  all 
attempts  of  this  kind,  and  have  had  recourse  to  another  method,  by 
help  of  which  we  have  succeeded  in  establishing  a  series  of  very 
simple  relations  exhibited  by  the  chemical  action  of  hght.  The 
simple  law  which  governs  these  interesting  relations  we  shall  commu- 
nicate in  our  next  paper  on  this  subject. 


XL — On  the  Colour  of  Chloride  of  Copper  in  different 
States  of  Hydration. 

By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

There  are  two  theories  respecting  the  aqueous  solutions  of  haloid 
salts  : — the  one  maintains  that  the  compound  of  a  metal  and  a  halogen 
dissolves  as  such  in  the  water ;  the  other,  that  it  becomes  a  com- 
pound of  the  metallic  oxide  and  the  hydracid,  which  is  also  dissolved 
in  the  liquid.  One  of  the  arguments  adduced  in  support  of  the  latter 
theory  is,  that  certain  salts,  such  as  the  chloride  or  bromide  of  copper, 
or  the  chloride  of  cobalt,  change  colour  on  dissolving  in  water,  and 
assume  a  tint  which  is  supposed  to  belong  to  the  oxide.  It  happened 
that  in  my  recent  investigation  of  circumstances  that  modify  the 
action  of  chemical  affinity,  I  examined  the  changes  of  colour  which 
take  place  when  hydrochloric  acid  or  a  soluble  chloride  is  added  to  a 
solution  of  a  blue  salt  of  copper.  This  led  to  an  examination  of  the 
chloride  itself;  and  the  observations  then  made  have  been  extended, 
with  a  view  to  determine,  if  possible,  how  far  the  change  in  colour 
may  really  lend  support  to  the  theory  in  question.  The  following 
are  the  facts  with  which  this  examination  has  made  me  acquainted. 

Chloride  of  copper  exists  in  a  solid  form  in  two  conditions :  the 
one  anhydrous,  the  other  containing  the  elements  of  water. 

The  anhydrous  salt. — This  is  amorphous,  and  of  a  yellowish  brown 
colour,  whether  produced  by  the  combustion  of  copper  in  chlorine,  or 
by  heating  the  hydrated  compound.  Its  composition  has  been  deter- 
mined by  Berzelius  and  J.  Davy  to  be  CuCl. 

The  hydrated  salt. — This  exists  cither  in  an  amorphous  or  a 
crystalline  form,  according  to  the  mode  of  preparation. 

If  anhydrous  chloride  of  copper  be  exposed  for  a  few  minutes  to 


213  DR.  J.  H.  GLADSTONE  ON  THE  COLOUR  OF 

the  ordinary  atmosphere,  it  begins  to  change  from  yellowish- brown 
to  pale  bluish-green.  This  will  go  on  till  the  whole  mass  becomes  a 
bluish-green  powder,  which  is  dry  to  the  touch,  not  deliquescent 
in  ordinai-y  states  of  the  atmosphere,  and  devoid  of  crystalline 
form,  even  when  viewed  under  the  microscope.  Professor  Graham 
believes  this  to  be  the  hydrate  CuCl,  2H0.*  An  experiment  of  mine 
confirmed  this  view.  0'960  grm.  of  anhydrous  chloride  of  copper, 
on  exposure,  increased  in  weight  to  1'224  grm.  :  theory  requires 
1*216  grm. 

If  the  oxide  or  carbonate  of  copper  be  dissolved  in  hydrochloric 
acid,  and  the  solution  evaporated  nearly  to  dryness,  bluish-green 
crystals  separate.  Their  form  has  been  determined  as  that  of  a 
right-angled  four-sided  prism.  They  are  more  deliquescent  than  the 
amorphous  hydrate.  No  complete  analysis  of  this  salt  seems  to  have 
been  published.  Its  received  formula  CuCl-f2H0  rests  on  the 
observation  of  Professor  Graham,  that  the  crystals  give  off  21*53 
grm.  of  water  when  strongly  heated. 

I.  1  grm.  of  the  crystals,  dried  at  a  temperature  somewhat  under 
100°  C,  gave  off  0*212  grm.  of  water  when  heated  more 
strongly,  and  yielded  0*473  grm.  of  oxide  of  copper. 

II.  1*22  grm.  gave  2*003  grms.  of  chloride  of  silver. 

III.  1  grm.  of  another  preparation   gave  off  0*214  grm.  of  water 

when  heated,  and  afforded  0*472  grm.  of  oxide  of  copper. 

IV.  0*5  grm.  of  the  same  yielded  0*830  grm.  of  chloride  of  silver. 

These  results  give  percentage  numbers  nearly  coincident  with  those 
deduced  from  the  above  formula. 

Found.  Calculated. 

1st  preparation.        2d  preparation. 

Copper.     .     .     37-84  37*76  37*47 

Chlorine     .     .     41*01  41*06  41*45 

Water    ...     21*20  21*40  21*08 


10005  100*22  10000 

It  is  evident  that  this  green  salt  may*  either  be  CuCl +  2  HO, 
or  CuO,  HC1  +  HO.  If  the  latter,  it  might  be  reasonably  expected 
that  some  difference  would  show  itself  between  the  two  atoms 
of  hydrogen  and   oxygen;    but  my   observations,    though    specially 

*  Phil.  Trans.  1837,  p.  71. 
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directed  to  the  point,  have  failed  to  remark  any.  The  brown  salt 
appears  to  assume  the  two  atoms  at  once ;  neither  is  there  any  inter- 
mediate stage  in  the  dehydration  of  the  green  salt.  When  the 
crystals  are  heated  to  about  90°  C.  (194°  F.),  they  begin  slowly  to 
give  off  water,  shrink,  and  assume  at  once  the  brown  colour.  If  the 
temperature  be  raised  a  little  above  100°  C,  the  water  is  given  off 
rapidly.  If  strong  sulphuric  acid  be  added  to  the  green  crystals,  or 
to  a  strong  aqueous  solution,  the  brown  salt  is  instantly  produced. 
There  appears,  then,  to  be  no  ground  for  supposing  that  the  difference 
of  colour  between  the  anhydrous  and  the  hydrated  salt  depends  upon 
the  conversion  of  the  latter  into  hydrochlorate  of  the  oxide  of  copper. 
Effect  of  solution. — If  an  equal  weight  of  water  be  added  to  the 
pure  green  salt,  it  dissolves,  giving  a  clear  solution  of  a  deep  green 
colour.  On  the  addition  of  more  water,  a  gradual  change  of  colour 
occurs,  as  indicated  in  the  annexed  table  : — 

Composition  of  Solution.  Colour. 

1  part  crystal,  chloride  of  copper  +  1  part  water  Deep  green. 

„       +2         „  Bluish  green. 

„         „  „  „       +3         „  Still  blue. 

„         „  „  .    „       +  4         „  Nearly  pure  blue. 

„         „  „  „       +  5         „  15iue. 

Oxychloride  of  Copper. — It  may  be  as  well  to  remark,  in  this 
place,  that  on  dissolving  most  specimens  of  crystallised  chloride  of 
copper,  a  white  subsalt  separates,  not  when  the  solution  is  so  sti'ong 
as  to  appear  green,  but  when  it  passes  from  green  to  blue.  This 
deposit  was  observed  in  one  instance  to  be  as  much  as  —l^ths  of  the 
whole  weight  of  the  salt,  though  usually  it  is  considerably  less  than 
that.  When  dry  it  is  a  pale  green  powder,  which  remains  unaltered, 
though  heated  up  to  215°  C.  (419°  F.),  but  when  almost  at  incipient 
redness,  it  gives  off  both  water  and  chlorine,  and  is  converted  into  a 
black  mixtm-e  of  oxide  and  dichloride  of  copper.  The  following 
analyses  were  made  :■ — 

I,  1  grm.  of  the  subsalt  dried  at  100°  C,  and  dissolved  in  dilute 

nitric  acid,  yielded  0'734  grm.  of  oxide  of  copper,  and 

0*812  grm.  of  chloride  of  silver. 

•  .  . 

II.  1  grm.  of  a  different  portion   gave  0760  grm.  of  oxide  of 

copper,  and  0*829  grm.  of  chloride  of  silver. 

111.  0535  grm.  of  another  preparation  gave  0"397  grm.  of  oxide 
of  co})per. 
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These  numbers  reckoned  to  100  parts  represent — 

I.  II.  III. 

Copper     ....     58-72  60-80  59-36 

Chlorine  ....     20-08  20-51  — 

The  proportion  of  the  copper  to  the  chlorine  appears  thus  to  be 
as  three  atoms  to  one,  and,  though  the  salt  is  evidently  somewhat 
irregular  in  its  composition,  it  approaches  nearer  to  the  oxychloride, 
CuCl,  2CuO,  HO,  than  to  any  other  of  the  eight  or  nine  that  have 
been  described  by  previous  investigators. 

Copper 61-34 

Chlorine         ....     22-68 
Oxygen  and  hydrogen     .         .     15-98 

10000 

It  is  probably  this  oxychloride  with  the  admixture  of  a  varying 
quantity  of  one  containing  more  of  the  elements  of  water.  Whether 
the  constitution  of  this  salt  be  as  above  written,  CuCl,  2CuO,  HO, 
or  3CuO,  HCl,  there  seems  nothing  to  decide. 

This  oxychloride  dissolves  in  a  strong  -solution  of  pure  chloride  of 
copper ;  and  the  crystals  derived  from  such  a  solution  retain  the  form 
of  the  pure  salt,  but  are  of  a  yellowish-green  instead  of  a  bluish-green 
tint ;  when  dissolved  in  water,  they  give  an  abundant  deposit,  and 
they  contain  a  deficiency  of  chlorine, — indeed,  in  a  case  submitted  to 
analysis,  only  39-75  per  cent.  The  great  disparity  of  tint  observed 
in  different  specimens  of  crystallised  chloride  of  copper  seems  to  arise 
generally  from  the  varying  amount  of  oxychloride  they  contain,  though 
an  excess  of  acid  will  also  cause  the  crystals  to  assume  a  yellowish 
colour.  Crystals  that  dissolve  without  deposit  may  be  obtained  from 
an  impure  salt  by  repeated  solution,  filtration,  and  recrystallisation, 
though,  perhaps,  the  chloride  thus  obtained  is  never  absolutely  free 
from  subsalt.  The  best  method  of  obtaining  pure  crystals  is  to  start 
with  a  very  acid  solution.  If  strong  hydrochloric  acid,  not  in  excess, 
be  poured  upon  the  oxychloride,  a  solution  results,  which,  on  dilution, 
deposits  the  subsalt. 

Change  of  colour. — It  has  already  been  observed,  that  the  solution 
from  which  the  oxychloride  has  separated  changes  gradually  from  a 
deep  green  to  a  clear  blue.  The  question  arises, — Does  this  change 
of  colour  de])end  upon  some  action  of  the  water,  or  of  the  elements 
of  it ;  or  is  it  in  some  way  a  mere  physical  result  of  the  solution  ? 

In  the  hope  of  determining  this  matter,  the  action  of  other  solvents 


CHLORIDE  OP  COPPER  IN   DIFFERENT  STATES  OF  HYDRATION.       215 

was  tried.  It  was  found  that  brown  anhydrous  chloride  of  copper 
dissolves  in  absolute  alcohol  of  a  yellowish-green  colour,  and  that  it 
does  not  assume  a  bluish  tint  on  any  amount  of  dilution  with  the 
same  solvent.  This  is  the  case  also  when  either  the  bluish-green  or 
yellowish-green  crystals  are  dissolved  in  absolute  alcohol,  or  even  in 
strong  spirits  of  wine, — the  alcohol  appearing  to  abstract  the  water 
from  the  hydrated  salt.  Even  the  addition  of  alcohol  to  a  moderately 
strong  aqueous  solution  heightens  the  green,  imparting  a  yellowish 
tint  to  it.  If  the  crystals  contain  oxychloride,  alcohol  does  not  cause 
its  separation.  The  addition  of  water  in  considerable  quantity  to  the 
alcoholic  solution  causes  a  production  of  the  blue  colour,  and  a 
deposition  of  any  subsalt  that  may  be  present.  If  a  solution  of  the 
anhydrous  chloride  in  absolute  alcohol  be  evaporated  down,  it  shows 
little  or  no  tendency  to  crystallise,  but  becomes  an  almost  black  viscid 
mass,  which,  however,  on  standing  for  some  hours,  becomes  filled 
with  tufts  of  yellowish-brown  crystals. 

Ether  in  like  manner  dissolves  chloride  of  copper,  giving  an  intense 
yellowish-green  solution,  which  also  does  not  alter  in  the  character  of 
its  colour  when  diluted  with  any  amount  of  additional  ether. 

The  change  from  green  to  blue  depends,  then,  upon  the  water ;  but 
is  it  because  the  salt  is  converted  into  hydrochlorate  of  oxide  of 
copper,  or  because  it  forms  a  higher  hydrate  than  exists  in  the 
crystals  ?  The  following  observations  may  possibly  afibrd  some 
grounds  for  forming  an  opinion. 

Hydrochloric  acid  imparts  a  bright  yellowish  tint  to  the  green 
solution  of  chloride  of  copper.  On  dilution  with  water^  such  a  mix- 
ture also  assumes  a  blue  colour,  but  it  requires  much  more  water 
than  the  neutral  salt  does.  The  following  table  will  exhibit  the 
changes  of  tint  produced  during  the  dilution  of  a  mixture  of  single 
equivalents  of  chloride  of  copper  and  hydrochloric  acid.  It  would 
not  dissolve  completely  in  an  equal  weight  of  water. 


Composition 

of  Solution. 

Colour. 

1  partCuCl  +  HCl  with  2 

parts  ^A 

'ater 

Dark  green. 

^.>                 >}                 5  J 

5 

jj 

Bright  yellowish  green. 

}>             >}             yy 

8 

)> 

Bluish  green. 

7}             ))             }> 

12 

>) 

Almost  pure  blue. 

?}            }}             yp 

15 

)) 

Blue. 

During  this  dilution  there  is  a  gradual  alteration  of  the  colour;  but 
the  change  appears  to  be  more  rapid  at  certain  points  than  at  others. 
Yet,  after  careful  and  repeated  examination,  I  came  to  the  belief  that 
the  effect  of  water  is  regular,  and  that  what  appears  like  rather  sudden 
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trarisitions,  is  due  to  the  difficulty  of  comparing  solutions  of  different 
shades  of  colour. 

If  a  solution  containing  single  equivalents  of  chloride  of  copper 
and  hydrochloric  acid  be  diluted  till  it  becomes  blue,  the  addition  of 
more  hydrochloric  acid  will  cause  it  to  resume  the  green  colour,  and, 
if  sufficient  be  added,  to  become  of  the  bright  yellowish  tint, — the 
amount  of  greenness  being  regularly  proportionate  to  the  amount  of 
hydrochloric  acid  present. 

The  compound  of  chloride  of  copper  and  hydrochloric  acid,  which 
may  be  supposed  to  exist  in  these  yellowish -green  solutions,  does  not 
appear  to  be  crystallisable.  If  a  solution  of  the  copper  salt  in  hydro- 
chloric acid  be  evaporated,  crystals  separate  of  a  bright  green  colour. 
On  drying  between  folds  of  bibulous  paper,  these  part  with  the 
adhering  strongly  acid  liquid,  and  at  the  same  time  their  yellowish 
tint  is  greatly  reduced.  A  portion  so  prepared  was  dried  at  80°  C, 
wdien  it  appeared  very  like  the  ordinary  bluish-green  crystalline  salt. 
It  weighed  1'240  grm.  At  a  higher  temperature,  it  gave  off  water, 
and  a  little  hydrochloric  acid.  After  being  heated  at  150°  C,  it 
was  converted  into  apparently  the  anhydrous  chloride,  and  weighed 
0-969  grm.  The  same  amount  of  CuCl,  2H0  would  have  given  by 
calculation  0*979  grm., — a  quantity  scarcely  exceeding  that  actually 
found,  so  that  the  hydrochloric  acid  attached  to  the  crystals  must 
have  been  a  mere  trace.  Another  experiment  gave  a  similar  result. 
That  the  brown  powder  left  on  heating  this  was  really  CuCl  was 
proved  by  a  determination  of  the  copper. 

0*531  grm.  yielded  0*318  grm.  of  oxide  of  copper;  which  gives  the 
following  percentage : — 

Found.  Calculated. 

Copper  .         .         .     47-83  47.48 

Some  other  chlorides, — such  as  chloride  of  sodium  and  chloride  of 
ammonium, — produce  the  same  yellowish  colour  in  solutions  of 
chloride  of  copper  as  hydrochloric  acid  does ;  whilst  others,  such  as 
chloride  of  calcium,  do  not  affect  it.  Some  of  these  double  chlorides 
have  been  crystallised  and  described. 

The  colour  of  a  solution  of  chloride  of  copper  alters  much  with  the 
temperature.  If  it  be  heated,  it  becomes  gradually  yellower,  even  if 
previously  diluted  to  such  an  extent  as  to  be  perfectly  blue.  Indeed, 
it  was  found  that  2*5  grm.  of  the  crystallised  salt,  when  dissolved  in 
three  ounces  of  water,  so  that  the  blue  colour  was  pale,  assumed  a 
distinctly  green  shade  when  the  solution  was  heated  to  the  boiling 
pi)int.     The  same  occurs  in  the  presence  of  hydrochloric   acid.     Oti 
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cooling  again,  the  yellow  tint  gradually  disappears.  This  action  also 
is  not  confined  to  temperatures  above  the  ordinary  :  a  green  solution 
of  the  chloride  placed  in  a  frigorific  mixture  becomes  blue. 

The  remarks  here  made  upon  solutions  of  pure  salt  in  distilled 
water  apply  equally  to  the  salt  when  produced  by  double  decom- 
position : — for  instance,  to  a  mixture  of  sulphate  of  copper  and 
chloride  of  sodium,  though,  of  course,  in  such  a  case  the  blue  colour 
of  the  sulphate  still  unaltered  interferes  with  the  result.  The 
addition  of  sulphuric  acid  to  a  somewhat  dilute  solution  of  chloride 
of  copper  tends  to  produce  the  bright  green,  evidently  from  the 
liberation  of  some  of  the  hydrochloric  acid,  though  blue  sulphate 
must  be  produced  at  the  same  time. 

The  following  are  the  inferences  which  I  have  drawn  from  these 
experiments,  and  which  I  now  submit  to  the  consideration  of 
chemists: — 

Every  observation  made  on  this  salt  is  perfectly  explicable  on  the 
supposition  that  the  proper  colour  of  chloride  of  copper  is  brown,  and 
that  it  forms  hydrates  which  are  green  or  blue,  just  as  the  white 
sulphate  of  copper  becomes  blue  when  hydrated.  Some  of  the  facts, 
too,  are  7nore  easily  explained  on  this  view. 

Thus  it  is  hard  to  imagine  that  if  green  be  the  colour  of  CuCl, 
and  blue  that  of  CuO,  HCl,  the  addition  of  more  HCl  to  the  latter 
should  render  it  green ;  while  it  is  readily  conceivable  that  the 
hydrochloric  acid  should  replace  a  portion  of  the  water  in  the  blue 
hydrated  chloride  of  copper,  and  form  a  green  double  chloride, 
CuCl,  HCl.  The  action  of  heat  is  in  harmony  with  what  we  know 
of  its  action  on  unquestionable  cupric  hydrates  :  thus,  the  hydrated 
oxide  of  copper,  when  heated  in  the  presence  of  any  amount  of  water, 
loses  its  combined  water  and  its  blue  colour. 

If  the  change  of  colour  is  to  be  taken  as  evidence  that  crystallised 
chloride  of  copper  becomes,  when  treated  with  a  considerable  amount 
of  water,  CuO,  HCl,  a  parity  of  reason  should  lead  us  to  conclude 
that  the  bluish-green  crystals  contain  none  of  the  yellowish-brown 
CuCl ;  yet,  if  we  suppose  that  these  crystals  actually  contain  the 
oxide,  we  can  give  no  consistent  account  of  the  subsequent  change  of 
colour  on  solution. 

Perhaps  none  of  these  observations  are  decisive  on  the  point ;  yet 
it  appears  to  me  that  this  examination  of  the  chloride  of  copper  has 
gone  far  to  show,  that,  instead  of  its  furnishing  an  argument  in 
favour  of  the  supposition  that  haloid  salts  are  decomposed  by  water, 
it  leads  towards  the  opposite  conclusion. 
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There  are  three  incidental  remarks  which  may  be  appended. 

Those  who  hold  the  binary  theory  of  salts,  and  contend  for  the 
resolution  of  the  chloride  into  the  hydrochlorate,  must  consistently 
suppose  the  same  when  the  salt-radical  is  a  compound  body  :  thus — 

If  NaCl  in  water  becomes  NaO,  HCl, 

then  NaNCg        „  „         NaO,  HNC2, 

and  NaS04        „  „         NaO,  HSO4. 

Even  where  different  salts  of  a  base  have  the  same  colour,  the  same 
amount  of  the  base  does  not  give  the  same  intensity  of  colour. 
Thus,  if  equal  portions  of  oxide  of  copper  be  dissolved  respectively  in 
acetic,  hydrochloric,  nitric,  and  sulphuric  acids,  and  equally  diluted, 
the  acetate  will  be  found  to  be  far  deeper  in  colour  than  the  nitrate, 
this  somewhat  deeper  than  the  sulphate,  and  this  again  far  deeper 
than  the  chloride.  On  being  converted  into  ammoniacal  salts,  these 
four  approximate  more  nearly,  but  are  still  far  from  identical  in 
colour. 

Whatever  theory  be  preferred  for  explaining  the  changes  of  colour 
that  take  place  during  the  solution  of  chloride  of  copper,  the  influence 
of  mass  is  very  apparent.  It  is  almost  self-evident  that  different 
compounds  co-exist  in  the  solution  in  proportions  varying  with  the 
amount  of  water  present,  or  of  free  hydrochloric  acid,  and  that  the 
final  state  of  combination  is  the  resultant  of  several  affinities  of  dif- 
ferent degrees  of  strength  acting  on  the  same  particles. 
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On  a  Methoil  of  Volumetric  Analysis  of  very  greneral  Application."^ 
By  K.  Bunsen. 

This  method,  which  is  applicable  to  a  great  number  of  analyses  de- 
pending upon  oxidation  and  reduction,  is  founded  on  the  principle  of 
liberating  a  quantity  of  iodine  equivalent  to  the  substance  which  is  to 
be  determined,  and  estimating  this  iodine  by  means  of  a  standard  solu- 
tion of  sulphurous  acid.  The  use  of  sulphurous  acid  for  the  estimation 
of  iodine,  which  was  originally  proposed  by  Dupasquier,  gives  exact 
results,  provided  always  that  the  solution  of  sulphurous  is  sufficiently 
dilute.  Sulphurous  acid  and  iodine,  in  presence  of  water,  form 
hydriodic  and  sulphuric  acids ;  but,  on  the  other  hand,  sulphuric  and 
hydriodic  acids  may  react  upon  each  other  in  such  a  manner  as  to 
yield  sulphurous  acid,  water,  and  iodine.  This  latter  reaction  takes 
place  to  a  greater  extent  as  the  liquids  are  more  concentrated.  Hence, 
when  iodine  is  treated  with  sulphurous  acid,  this  acid  will  not  be 
completely  oxidised  unless  the  liquid  is  sufficiently  dilute.  Hence 
the  necessity  of  using,  in  this  process,  solutions  not  containing  more 
than  0*04  to  0*05  per  cent,  of  anhydrous  sulphurous  acid. 

The  method  about  to  be  described  requires  three  test-liquids :  a 
solution  of  iodine,  a  solution  of  sulphurous  acid,  and  a  solution  of 
iodide  of  potassium.  To  prepare  the  first,  a  quantity  of  iodine,  as  pure 
as  can  be  obtained,  is  dried  at  ordinary  temperatures  over  chloride  of 
calcium,  g  grammes  of  it  then  weighed  out  between  watch-glasses,  and 
dissolved  in  a  litre -measure  by  a  concentrated  solution  of  iodide  of 
potassium,  which  solution  must  not  exhibit  any  brown  colour,  either 
by  itself,  or  on  the  addition  of  hydrochloric  acid.  If  one  degree  of 
the  burette  contains,  as  usual,   0"5   cubic  centimetres,  the  resulting 

*  Ann.  Cii.  Pliariii.  Ixxxvi.  265  ;  Ann.  Cli.  Pliys.  [3]  xii.  339. 
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solution   must  be  diluted  with  a  quantity  of  water  sufficient  to  brini;* 

the  volume  to       '    ^     cubic  metres.     Each  degree  of  the  burette  will 

then  contain  0'0025  grm.  of  the  iodine  used.  But  as  commercial 
iodinCj  even  the  purest,  contains  traces  of  chlorine,  it  is  necessary  in 
determining  the  strength  of  the  solution  to  take  account  of  this 
impurity.  For  this  purpose,  a  weighed  quantity  of  dried  iodine  is 
dissolved  in  cold  sulphurous  acid,  the  solution  precipitated  with 
nitrate  of  silver,  and  the  precipitate  digested  with  nitric  acid  before 
filtration,  to  remove  any  sulphite  of  silver  that  may  be  thrown  down 
at  the  same  time.  If  the  quantity  of  impure  iodine  used  be  called  A, 
the  quantities  of  pure  iodine  and  chlorine  contained  in  it,  by  x  and  y, 
and  the  precipitated  chloride  and  iodide  of  silver  by  B  ;  then 

x-\-y=-A 

and  — ^_ x-\ — ~^, — y  =  B 

If  we  denote  the  ratio  of  the  equivalents  of  iodide  of  silver  and  iodine^ 
namely,  — ^ —  by  a,  and  the  ratio  of  the  equivalents  of  chloride  of 

silver  and  chlorine,  namely,     ^    . —  by  /8,  we  have  — 

B  -  uA 

From  this  value  of  y,  we  may  readily  calculate  the  quantity  of  pure 
iodine  which  is  equivalent  to  a  unit  of  weight  of  the  impure  substance. 
For  the  quantity  of  chlorine  y,  exerts  the  same  oxidising  action  as  the 

quantity  of  iodine  -^  y.     Hence,  the  chlorinated  iodine  A  exerts  the 

same  oxidising  action  as  the  quantity  of  pure  iodine  denoted   by 

A—y-\--~y;  and,  therefore,  the  quantity  of  pure  iodine  a',  which 

corresponds  to  the  quantity  a  of  the  impure  iodine  contained  in  a 
degree  of  the  burette,  is  given  by  the  equation — 

a  B  —  uA       /I  ^\ 

Of  the  iodine  used  in  most  of  the  following  experiments,  1*4'379 
grm.  gave  in  one  experiment  2*7498  grms.  iodide  and  chloride  of 
silver;  in  another,  17456  grm.  iodine  gave  3*3251  grms.  iodide  and 
chloride  of  silver.  Substituting  these  values  together  with  «  =  0*0025 
hi  the  last  equation,  we  find  for  tlie  quantity  of  pure  iodine  in  a  degree 
of  the  burette,  from  the  first  experiment,  0*0025246  grm.,  and,  from 
the  second,  0-0025318;   mean:  r/==  00025387. 
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A  simpler  and  better  method  of  finding  the  value  in  pure  iodine 
of  a  degree  of  the  burette,  when  the  iodine  used  is  impure,  will  be 
given  with  the  volumetric  analysis  of  chromate  of  potash. 

If  the  standard  iodine-solution  be  used  at  a  temperature  different 
from  that  at  which  it  was  prepared,  an  error  will  be  committed  in 
consequence  of  the  change  of  volume  of  the  liquid  which  is  measured. 
As,  however,  this  variation  for  10°  C.  of  temperature  does  not  amount 
to  more  than  —(fd-o  ^^  ^^^  quantity  of  iodine  to  be  determined  (which 
is  at  most  0"2  or  0*3  grm.)  it  may  be  safely  neglected  with  any 
variation  of  temperature  that  may  actually  occur,  and  the  more  so, 
as  the  atomic  weights  of  the  substance  to  be  determined  are  gene- 
rally small  in  comparison  with  that  of  iodine. 

The  measurement  of  this  iodine-solution,  which  is  perfectly  stable, 
is  best  performed  in  a  burette,  the  degrees  of  which  correspond  to 
0*5  cubic  centimetre  of  liquid.  To  avoid  any  error  in  reading  arising 
from  parallax,  the  instrument  is  loosely  held  between  the  thumb  and 
forefinger,  and  allowed  to  hang  down,  and  the  level  of  the  liquid  is 
read  off  at  the  lower  surface  of  the  fluid  meniscus,  as  soon  as  that 
surface  coincides  with  a  horizontal  line  fixed  at  some  distance.  In 
this  manner,  the  reading  may  be  performed  with  certainty  to  -poth  of  a 
degree,  especially  if  the  observer  waits  till  the  Hquid  adhering  to  the 
sides  of  the  burette  has  run  down  sufficiently  to  make  the  level 
constant. 

Of  the  second  test-liquid,  the  dilute  sulphurous  acid,  it  is  best  to 
prepare  20  or  30  litres  at  a  tinae,  so  that  the  alteration  in  the  amount 
of  acid  produced  by  the  action  of  the  air  during  the  course  of  an 
experiment  may  be  imperceptibly  small.  In  such  a  fluid  mixture,  the 
decrease  of  sulphurous  acid  in  a  bottle  half  full  of  air,  amounts, 
in  24  hours,  to  about  1  or  2  burette  degrees,  so  that  the  diminution 
which  occurs  during  the  three  or  four  minutes  occupied  in  an  experi- 
ment does  not  exceed  -poVo  ^^  ^  burette  degree,  or  0*0002  milligramme 
of  iodine,  a  quantity  altogether  inappreciable.  To  give  the  acid  the 
proper  degree  of  dilution,  20  or  30  litres  of  water  are  mixed  with  a 
small  measure-glass- full  of  concentrated  sulphurous  acid;  the  liquid 
shaken ;  200  burette  degrees  of  it  measured  ofi^ ;  and  this  portion 
tested,  after  addition  of  starch,  with  the  standard  solution  of  iodine. 
If  r  degrees  of  this  solution  are  required  to  decompose  the  acid,  and 
if  the  quantity  of  iodine  «,  contained  in  a  burette  degree,  amounts  to 
about  0'002  to  0*003  grm.,  then,  in  order  to  obtain  the  required 
degree  of  concentration,  viz.  about  0*03  sulphurous  acid  to  100  water, 

it  is  merely  necessary  to  add  to  the  entire  liquid  ( 1 )    of    con- 
centrated sulphurous  from  the  small  measuring  bottle. 

(48         \  . 
1  j  becomes  negative,  we  may  know   that  the  assigned 
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measure  has  already  been  exceeded  by  the  first  addition  of  acid.  The 
experiment  must,  therefore,  be  repeated  with  a  smaller  measure,  or 
with  less  concentrated  acid.  As  sulphurous  acid  oxidises  by  exposure 
to  the  air,  the  solution  must  be  renewed  every  three  or  four  days, 
which  may  he  done  without  any  trouble,  as  the  quantity  of  sulphurous 
acid  to  be  added  to  the  water  is  known  from  the  previous  preparation. 
The  solution  should  also  be  shaken  up  before  being  used. 

The  third  test-liquid  used  in  the  determinations  is  a  solution  of 
iodide  of  potassium  containing  about  1  grm.  of  the  iodide  to  10  cubic 
centimetres  of  water.  With  a  little  practice,  however,  this  solution 
may  be  dispensed  with,  a  small  piece  of  solid  iodide  of  potassium 
being  added  in  each  experiment. 

1.  Determination  of  Iodine. — The  weighed  sample  of  iodine  is 
dissolved  in  the  solution  of  iodide  of  potassium  contained  in  a  capa- 
cious beaker  glass,  about  4  or  5  cubic  centimetres  of  the  solution  being 
taken  to  0*1  grm.  of  iodine.  To  the  resulting  brown  solution,  as 
many  measures  of  the  standard  solution  of  sulphurous  acid  (measured 
in  a  stoppered  cylinder)  are  added,  as  are  required  to  destroy  the 
brown  colour  completely,  the  acid  which  adheres  to  the  sides  of  the 
cylinder  being  each  time  rinsed  into  the  beaker  with  distilled  water, 
and  the  measuring  vessel  subsequently  washed  with  the  normal  sul- 
phurous acid  solution.  The  next  step  is  to  determine  the  quantity  of 
iodine  x^  by  which  the  sulphurous  acid  has  been  partially  decomposed. 
For  this  purpose  it  is  necessary  to  determine  the  quantity  of  iodine 
required  to  decompose  the  sulphurous  acid  still  present  in  excess. 
This  is  effected  by  adding  3  or  4  cubic  centimetres  of  clear  and  very 
dilute  starch  solution,  and  then  dropping  in  the  standard  solution  of 
iodine  till  a  blue  colour  begins  to  appear.  If  the  quantity  of  iodine- 
solution  required  to  produce  this  effect  is  measured  by  t'  degrees  of 
the  burette,  and  the  quantity  of  iodine  in  one  degree  is  x,  then  the 
quantity  required  to  decompose  the  n  measures  of  sulphurous  acid 
added  will  be  ^  +  at\  Further,  if  we  determine,  by  means  of  the 
burette,  the  quantity  of  iodine  at,  required  to  decompose  1  measure  of 
sulphurous  acid,,  we  shall  obtain  the  equation  x-\-af  —  nal,  whence 
x  =  a{nt  —  f).  If  the  weight  of  the  sample  of  iodine  be  A,  the  quan- 
tity of  iodine  expressed  as  a  percentage  will  be 

100«  ,    .      .. 
X  =  —J-  [nt-t  ); 

and  if  — r—  =  1,  that  is,  if  the  quantity  weighed  out  be  exactly  100  a, 

the  equation  becomes  simply  x  =  nt  —  t':  that  is  to  say,  the  difference 
of  the  two  measurements  nt  —  t'  gives  at  once  the  percentage  of  iodine 
in  the  sample. 
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07979  grin,  of  chemically  pure  iodine  mixed  with  1*0400  grm. 
iodide  of  potassium,  and  tested  in  this  manner,  gave — 

n^5;     t  =  73'2',     f  =  b2'0;     «  =  0-0025387. 

Quantities  used.  Yol.  analysis. 

Iodine      .         .         .     43-41  43.37 

Iodide  of  potassium  .     56'59  56*63 


100-00  100-00 

2.  Determination  of  Chlorine. — Chlorine  decomposes  a  solution  of 
iodide  of  potassium  instantly  and  completely,  even  in  the  cold,  setting 
free  an  equivalent  quantity  of  iodine.  If  this  quantity  be  volurae- 
trically  determined  in  the  manner  just  described,  the  quantity  of 
chlorine  will  be  given  in  the  equation — 

,27  =    -j^—  a  {nt  —  i')y 

or  in  percentages,  if  the  quantity  used  in  the  experiment  was  A  : 

100  CI       .  ^     ^,^ 
X  =  — :; — 7-  a  int^t  ). 


If,  again,  ^  =  — ^ a,    the    difference    of    the   two    measurements 


100_C1 
1 

nt  —  t',  will  give  at  once  the  quantity  of  chlorine  in  100  parts. 

To  give  an  idea  of  the  great  accuracy  of  this  method,  we  may  adduce 
an  example  of  the  determination  of  the  density  of  chlorine.  A  stream 
of  chlorine  gas  evolved  from  hydrochloric  acid  and  peroxide  of  man- 
ganese, washed  with  water  and  dried  by  passing  over  chloride  of  calcium, 
Mas  made  to  pass  through  a  glass  tube  of  the  capacity  of  91-005  cubic 
centimetres,  drawn  out  at  both  ends,  and  connected  with  the  gas- 
generating  apparatus  by  means  of  a  tube  of  vulcanised  caoutchouc. 
As  soon  as  the  tube  had  assumed  the  constant  temperature  2-1°  C, 
and  the  air  had  been  completely  expelled  by  the  chlorine,  the  tube 
was  tightly  closed  on  the  side  next  the  generator  by  pressing  the 
caoutchouc  tube  with  the  finger  close  to  the  aperture ;  and  the  other 
extremity,  which  remained  open,  dipped  into  a  solution  of  iodide  of 
potassium.  Rapid  absorption  took  place,  the  tube  becoming  com- 
pletely filled  with  the  liquid,  which  was  at  the  same  time  decomposed, 
with  separation  of  iodine.  This  liquid  gave  by  the  volumetric  method 
above  described:  w  =  9;  /  =  44-7;  /'  =  5-0;  a  =  0-0025387.  From 
these  elements  it  wg^  found  that  the  tube,  which  contained  91*005 
cubic  centimetres  of  water  at  4°C.,  contained  0*28191  grm.  of  chlorine 
at  0*7457  met.  bar.  and  2*1  C. ;  and  this  gives  for  the  sp.  gr.  of 
chlorine — 

Found.  Calculated. 

2-4482;  2*4489 
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3.  Determination  of  Bromine. — A  solution  of  bromine  may  be 
readily  estimated  in  the  same  manner  as  chlorine,  the  result  being 
calculated  by  the  formula — 

100  Br      .  ^      .. 

30  —  — -r-i —  a  [nt—t). 

As  commercial  bromine  always  contains  a  little  chlorine,  which  is  very 
difficult  to  separate,  the  bromine  used  for  testing  the  method  was 
prepared  from  pure  bromide  of  potassium.  For  this  purpose  0*2869 
grm.  pure  bichromate  of  potash  was  mixed  with  2  or  3  grm.  bromide 
of  potassium,  and  distilled  with  concentrated  hydrochloric  acid  from  a 
small  glass  flask,  and  the  bromine  which  passed  over  was  received  in 
a  solution  of  iodide  of  potassium    containing  09030  grm.  of  the 

iodide.  As  1  at.  K  Q\\  liberates  exactly  3  at.  bromine,  the  bromine 
distilled  off  from  the  above  mixture  should  weigh  0'4629  grm.  The 
volumetric  analysis  gave  the  following  results — 

?i  =  6;  ^=55-4;  /'=:44-4;  ^  =  1-3659;  fl  =  0-OO25387; 

whence  : 

Used.  Found. 

Iodide  of  potassium      .     66*  11  66*20 

Bromine     .         .         .     3389  3380 


100*00  10000 

4.  Determination  of  Chlorine  and  Iodine  tojether.  —  When  a 
mixture  or  compound  of  w  chlorine  and  y  iodine  is  to  be  determined, 
it  is  best  to  measure  out  two  equal  volumes  of  the  liquid  which  con- 
tains them.  One  of  these  measures  is  mixed  with  sulphurous  acid, 
till  it  loses  its  colour,  and  then  precipitated  with  nitrate  of  silver. 
Let  the  weight  of  the  precipitate  of  bromide  and  iodide  of  silver, 
collected  on  a  filter  after  digestion  for  some  time  with  dilute  nitric  acid, 
be  A.  The  quantity  of  iodine  a  (nt  —  f)  equivalent  to  the  chlorine  and 
iodine  together  in  the  second  measure  is  then  determined  by  the 
method  above  given  for  bromine.  These  experiments  give  the  fol- 
lowing equations  of  condition — 

Ag  +  Cl  Ag  +  I 

CI      "^  I      ^-^' 

—  ^  +  ?/  =  a{nt-f) 


whence 


a?  = 


A^  A^±l.a{nt-f} 

Ag  +  Cl         Ag  +  I 
CI  I 
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This  method  becomes  inapplicable  when  the  liquid  contains  hydro- 
chloric acid  and  other  compounds  of  chlorine.  But  as  this  condition 
is  rarely  fulfilled  in  practice,  it  is  generally  better  to  determine  the 
iodine  in  one  portion  of  the  liquid  as  iodide  of  palladium.  If  the 
weight  of  the  palladium  obtained  by  igniting  the  precipitated  iodide 
of  palladium  be  tt,  the  first  of  the  two  equations  of  condition  takes 

the  form,     Tn'^  =  V',  whence 
'     Pd        ^ ' 

CI         (     /        /N  CI 

1  rd 

An  analysis  of  a  sample  of  protochloride  of  iodine  prepared  with 
aqua-r€gia,  gave — 

7r  =  0-1156;    ^  =  241-6;    r  =  i31*4;    r*=l;    G  =  00050. 

Calculated.  Found. 

Iodine   .         .         .         .     21*85  21'85 

Chlorine         .         .         ,     78-15  78*15 


100-00  100-00 

•  5.  Determination  of  Chlorine  and  Bromine  together. — To  estimate 
the  quantity  of  chlorine  contained  in  a  sample  of  bromine,  a  quantity 
A  of  the  bromine  thoroughly  dried  is  dissolved  in  solution  of  iodide 
of  potassium,  and  the  quantity  of  iodine,  a  {nt  —  f),  thereby  sepa- 
rated, determined  as  above.  The  equations  of  condition,  which  form 
the  basis  of  the  calculation,  and  in  which  chlorine  is  denoted  by  y, 
and  bromine  by  <r,  are — 

x-\-y  —  A 


whence  we  find 


33^-27  +  ;^  2/  =  aint-r) 


a[nt-f)  -  j^  ^ 


1.  _  JL 

Cl        Br 

To  test  this  method,  0*1148  grm.  of  bromine  free  from  iodine  and 
dried  on  chloride  of  •calcium,  was  weighed  in  a  glass  bulb,  converted 
by  sulphurous  acid  into  hydrobromic  acid,  and  precipitated  by  nitrate 
of  silver.  The  resulting  chloride  and  bromide  of  silver  weighed 
0*2826  grm.  Putting  0-1148  =  ^'  and  0*2826  =  ^^  the  quantity  of 
chlorine  in  the  sample  examined  is  found  from  the  equations — 

VOL.  VIII.— NO.  XXXI.  Q 
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x-i-y  =  A'. 

Br      "^  +       C\      y  ~  ^- 

therefore 

^±^'  A'-F 

^  ~  Ag  +  Br  Ag-Cl 

Br  CI. 

0'0948  grm.  of  the  same  bromine  dissolved  in  iodide  of  potassium, 
gave  by  vohimetric  analysis — 

J  =  0-0948;    ^^=l;    if  =  80-5;    r=17-3;    a  =  0-002578. 

Weighed  analysis.  Vol.  analysis. 

Bromine     .         .         .     93-42  93-34 

Chlorine     ,         .         .       6-58  6-66 


10000  100-00 

6.  Determination  of  Chlorites  and  Hypochlorites, — A  solution  of 
the  salt  is  mixed  with  solution  of  iodide  of  potassium,  and  hydro-, 
chloric  acid  added  till  a  slight  acid  reaction  is  produced.  By  means 
of  the  quantity  of  iodine  a  {nt  —  f)  separated  in  the  solution,  and 
determined  by  the  volumetric  method,  the  weight  of  chlorous  acid  x, 
or  of  hypochlorous  acid  x' ,  is  found  from  the  following  equations,  in 
which  A  denotes  the  weight  of  the  salt  or  mixture  of  salts  employed  : 

100  ci     .  ^      .. 

X  =     ^  T  .    a  [nt--t) 

The  method  w^as  tested  upon  a  mixture  of  caustic  potash  and 
hypochlorite  of  potash.  To  obtain  a  perfectly  definite  quantity  of  the 
latter,  03256  grammes  of  pure  bichromate  of  potash  was  boiled  with 
fuming  hydrochloric  acid,  and  the  chlorine,  which  passed  over  with 
the  vapours  of  hydrochloric  acid,  conducted  into  a  solution  of  4  grammes 

of  caustic  potash.  Now  since  2  at.  K  Cr2  eliminate  under  these  cir- 
cumstances exactly  3  at.  CI,  the  potash-solution  must  absorb 
0-1427  grammes  of  that  substance.  The  volumetric  analysis  gave 
w  =  4;  if  =  83-6;  ^  =  8;  a  =  0-002578,  which  corresponds  with  th- 
following  composition  : 


V. 
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Used.  Vol.  analysis. 

Aqueous  potash     ....     96-55  96*52 


Hypochlorite  of  potash   .     .       3'45  3 


48 


10000  100-00 

This  method  is  peculiarly  well  adapted  to  the  technical  estimation 
of  chloride  of  lime.  If  we  take  a  solution  of  that  substance  con- 
taining - — =: a  of  dry  chloride  of  limcj  the  difference  of  the  two 

measurements   {nt  —  t')  gives    directly   the   bleaching    power  of  the 
product  in  per  centages  of  chlorine. 

7 .  Determination  of  Sulphurous  Acid  and  Sulphuretted  Hydrogen. 
— It  has  already  been  observed  (p.  219);,  that  sulphurous  acid  (and 
we  may  add  sulphuretted  hydrogen)  cannot  be  exactly  estimated  by 
means  of  iodine,  if  the  quantity  of  it  contained  in  an  aqueous  solution 
exceeds  0*04  per  cent.  If,  therefore,  a  more  concentrated  acid  is  to 
be  examined,  it  must  be  diluted  with  boiled  water  till  the  total  volume 
P  has  attained  the  required  concentration.  From  this  solution,  p 
cubic  centimetres  are  then  measured  off,  starch  added,  and  the  quan- 
tity of  iodine  a  t  determined  which  is  required  for  the  complete  de- 
composition of  the  sulphurous  acid.  The  quantity  of  anhydrous  sul- 
phurous acid  contained  in  the  volume  P  of  the  liquid  is  then  given  by 
the  following  equation — 

PS      ^ 

w  =  ; —  at. 

pi. 

The  estimation  of  sulphuretted  hydrogen  is  made  in  exactly  the 
same  manner,  by  means  of  the  corresponding  formula — 

w   —  7—  at. 

pi 

But  the  great  facility  with  which  sulphuretted  hydrogen  decom- 
poses often  renders  this  latter  estimation  very  inexact. 

A  determination  of  the  density  of  sulphurous  acid  gas  mad*e  in  a 
manner  similar  to  that  described  for  chlorine  (p.  223), — excepting  that 
the  tube  containing  the  gas  dipped  into  boiled  water,  instead  of  a 
solution  of  iodide  of  potassium, — gave  the  following  results  :  — 

Volume  of  sulphurous  acid  gas  at  1-1°  C,  and  0-7507  met.  bar.= 
•       90-699  cub.  cent. 
P  =  1000;  jo=  194-0;  ^  =  76-95;  fl  =  0-0025387. 

These  numbers  give  for  the  density  of  the  gas  2*190  ;  the  calculated 
density  is  2-211. 

8.  Estimation  of  Chromates. — When  a  chromate,  e.  y.  bichromate 
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of  potash,  is  boiled  with  excess  of  fuming  hydrochloric  acid,  every 
2  at.  chromic  acid  eliminate  3  at.  chlorine.  The  decomposition  is 
rapid  and  complete.  The  3  at.  chlorine  passed  into  a  solution  of 
iodide  of  potassium  set  free  an  equal  number  of  atoms  of  iodine. 
If,  therefore,  we  determine  the  quantity  of  a  [nt  —  f]  obtained  by 
using  a  known  weight  A  of  bichromate  of  potash,  the  quantity  of 
chromic  acid  x  contained  in  a  quantity  A  of  salt  is  found  from  the 
equation — 


or  in  100  parts 


2  Cr  ,       . 

X  =  — ^-| —  a  [ni  —  t ) 


,        200  Cr      .  ^     ^. 
^  =   A  .  31  ^i^^-0 


200  Pr 

If  again  A  =  — ^-r —  a, — i.e.  if  the  sample  taken  weighs  exactly 

this  quantity,   then  the  difference  of  the  two  measurements   {nt  —  t') 
gives     directly   the    percentage    of    chromic    acid.       Similarly    for 

^ \a,  this  difference  would  give  the  per-centoge  of 

— -r J  a,      the 

per-centage  of  pure  chromate  of  lead  in  these  respective  salts. 

The  analysis  is  made  by  introducing  a  weighed  quantity  of  the 
chromate  into  a  small  flask  of  the  capacity  of  36  to  40  cubic  centi- 
metres, filled  about  two-thirds  with  fuming  hydrochloric  acid,  and 
having  a  gas-delivery  tube  adapted  to  the  neck  by  means  of  a  tube  of 
vulcanised  caoutchouc.  Into  the  open  extremity  of  this  tube  is 
inserted  a  small  glass  bulb  with  a  narrow  neck,» which  serves  as  a 
valve,  and  the  tube  is  inserted  into  the  neck  of  an  inverted  retort  of 
the  capacity  of  160  cubic  centimetres,  and  contaming  a  solution  of 
iodide  of  potassium.  The  middle  of  the  neck  of  the  retort  is  blown 
out  into  a  bulb  to  receive  any  liquid  that  may  be  thrown  up  by  the 
disengagement  of  gas.  Instead  of  the  glass  bulb  above  mentioned,  an 
excellent  valve  may  be  made  by  tying  a  piece  of  vulcanised  caoutchouc 
tightly  over  the  open  end  of  the  tube,  and  cutting  a  small  slit  in  it, 
with  a  sharp,  wet  penknife.  This  slit  opens  when  pressed  from 
within,  but  closes  tightly  when  pressed  in  the  opposite  direction. 
The  liquid  in  the  flask  is  now  boiled  for  three  or  four  minutes,  by 
which  time  the  whole  of  the  chlorine  is  expelled,  and  hberates  an 
equivalent  quantity  of  iodine,  which  is  estimated  in  the  ordinary  way. 

0-7116  grm.  pure  bichromate  of  potash  heated  to  the  melting 
point  gave  off  0*0016  grm.  water;    and  1*0230  grm.  reduced  with 
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hydrochloric  acid,  and  precipitated  by  continued  digestion  with  am- 
monia, yielded  0*5327  grm.  of  ignited  sesquioxide  of  chromium. 

The  volumetric  analysis  gave — 

A  =  02S79;    n  =  3 ;    t  =  6;    r  =  81'6;    «  =  0-0025387; 

and  in  another  experiment — 

^  =  0-2943;    7«  =  3;    ^  =  1037;    /'  =  16-0;    a  =  0-0025387.  ' 

This  gives — 

Weighed  analysis.  Volumetric  analysis. 

I.  II, 

Chromic  acid    .     .     68'] 8                 68-32  67*95 

Potash    ....     31-60                 31-47  31-83 

.    Water     ....       022                    0*22  0-22 


10000  100-00         100-00 

Another  sample,  composed  of  0*4632  grm.  chromate  of  potash  dried 
at  150°  C,  and  1-27  grm.  sulphate  of  potash,  gave — 

A=  1-7332;  if  =101-7;  r  =  38-2;  n  =  o  ;  a  =  0-0025387. 

Taken.  Vol.  analysis. 

Chromate  of  potash     .     26-72  26*91 

Sulphate  of  potash  .     .     73*28  73*09 


100-00  100-00 

The  volumetric  analysis  of  pure  bichromate  of  potash  gives,  as  above 
observed  (p.  221),  the  simplest  method  of  determining  the  value  of  «, 
or  the  quantity  of  pure  iodine  corresponding  to  the  weight  of  impure 
iodine  contained  in  a  degree  of  the  burette.  This  value  is  obtained 
from  the  equation —  ^ 

31^ 


(K  +  2Cr)  {nt-t') 

The  action  of  concentrated  hydrochloric  acid  on  chromates  often 
gives  rise  to  the  formation  of  traces  of  volatile  chromate  of  terchloride 
of  chromium,  CrClg  •  ^CrOg.  This,  however,  does  not  affect  the 
result  of  the  analysis,  inasmuch  as  the  quantities  of  chlorine,  chromic 
acid,  and  terchlpride  .of  chromium,  obtained  from  a  given  weight  of 
a  chromate,  eliminate  the  same  quantity  of  iodine. 

9.  Estimation  of  Chlorates.  —  The  action  of  hot  concentrated 
hydrochloric  acid  on  chlorates  is  well  known  to  be  attended  with  a 
reduction  of  the  chloric  acid.     The  reaction,  which  is  not  attended 
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with  any  evolution  of  oxygen,  may  be  expressed  by  one  of  the  following 
formulse — 

ClO^l^lg  CIO     3C10  ClO^j^^}^ 

HCl  („n^  2HCM2HO  3HC1  ("^^^ 


^^^5(4c!^  CIO5.6CI 

4HC1  (l^^  5HC1  i5H0 


It  is  impossible  to  determine  by  theory  which  of  these  reactions 
actually  takes  place,  or  which  of  them  may  occur  simultaneously. 
But  this  uncertainty  is  of  no  importance,  for,  whatever  may  be  the 
reaction  which  takes  place,  when  the  products  are  brought  in  contact 
with  the  iodide  of  potassium,  6  at.  iodine  are  set  free  for  each  atom  of 

hydrochloric  acid.     Consequently,  <r  parts  of  a  chlorate  R  CI  decom- 

61 
posed  by  hydrochloric  acid  liberate a?.      This    iodine   a  [nt  —  t') 

R  ci 

estimated  by  the  volumetric  method,  gives  for  the  value  of  x — 


61        ^  ^ 

Similarly  the  per-centage  of  chloric  acid  contained  in  a  quantity 
^  of  a  chlorate  is  determined  by  the  equation — 


,       100  CI      ,  ^      . 


and  if  A  betaken  =  — -^ —  a,     the   difference     a{nt—f)     gives 

immediately  the  per-centage  of  chloric  acid. 

An  experiment  with  pure  chlorate  of  potash  gave — 

^  =  0-0889;    w=3;    /  =  74-l;    t'  =  7'2;    «  =  0-002578. 

Calculated.  Found. 

Chloric  acid  .         .     61-57  61-83 

Potash  .         .         .     38-43  38-17 


10000  100-00 

10.  Estimation  of  the  Peroxides  of  Lead,  Manganese,  JSIickel, 
Cobalt,  &c. — The  percentage  of  oxygen  in  peroxide  of  lead  is  given  by 
the  formula — 

20 

X  =  10^  j-^  a{nt-t') 
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A  sample  of  the  peroxide  which  was  prepared  by  boiling  red  lead 
with  acetic   acid,  and  yielded  by  ignition   in  a  stream  of  dry  air, 
0'004  grm.  water,  and  0"043  grm.  oxygen,  gave  by  volumetric  analysis 
on 0-7402  grm.,  w  =  5;/  =  58-8;  ^  =  9-8;  a  =  0-002578.     Hence- 
Calculated.        Weighed  analysis.       Vol.  analysis. 
Lead  .     .     86-12  87-23  8695 

Oxygen   .     13-31  12-20  1248 

Water     .       0-57  0-57  0-57 


100-00      100-00      100-00 

The  per-centage  of  peroxide  of  manganese  in  a  sample  of  commercial 
black  oxide  A  is  given  by  the  formula — 

100  Mn      ,    .      .,. 
^  =  — - — —  a  int—t ) 

0*4839  grm.  raanganaso-manganic  oxide,  obtained  by  igniting  pure 
carbonate  of  manganese,  gave — 

^  =  0-4839;    ?z  =  3;    /^78-3;    ^  =  16-4;    a=zO-0025387. 

A  second  analysis  of  the  same  product  gave — 

^  =  0-3725;    72  =  3;    ^^75-7;    r  =  59-4;    «  =  0-0025387. 

Calculated.         ^  Volumetric  analysis. 

I.  II. 

1  at.  MnOa    .     .     3798  3937  3925 

2  at.  MnO     .     .     62*02  60*63  60-75 


100-00  10000         100-00 

It  w^ould  appear  from  these  two  experiments  that  the  degree  of  oxi- 
dation which  manganese  acquires  by  the  ignition  of  its  oxides  does 
not  agree  exactly  with  the  formula  usually  assigned  to  it.  If  this  is 
the  case,  the  error  thence  arising  in  estimations  of  manganese  may  be 
easily  corrected  by  a  volumetric  analysis  of  the  ignited  precipitate. 

A  pyrolusite  from  Bohemia,  which,  according  to  a  weighed  analysis, 
contained  0-32  per  cent,  silica,  0*08  per  cent,  ferric  oxide,  and  0*5  per 
cent,  water,  gave — 

^  =  0*3128;    71  =  5;    /  =  79.3;    ^'  =  44.0;    «  =  0-0025387. 

Peroxide  of  manganese  ....  98-25 

Sesquioxide  of  iron         ....  0*08 

Silica 0-32 

Water 0-50 

99*15 
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In  presence  of  lime,  magnesia,  oxide  of  zinc,  and  similar  strong  bases, 
the  oxides  of  manganese  yield,  by  ignition  in  the  air,  not  MnO  •  Mn203, 

but,  when  lime  or  magnesia  is  present,  ii/T^r\  \  Mn203,  or  if  mag- 
nesia is  in  excess,  MgO  •  Mn203.  If,  therefore,  we  wish  to  determine, 
not  merely  the  quantity  of  separable  oxygen  in  the  peroxides  of  man- 
ganese, but  likewise  the  quantity  of  metallic  manganese,  this  circum- 
stance must  be  taken  into  consideration. 

11.  Estimation  of  Iodic,  Vanadic,  Sklenic,  Manganic,  Ferric 
Acid,  Ozone,  &c. — As  all  these  and  many  other  volumetric  determi- 
nations may  be  made  by  one  and  the  same  method,  and  the  corre- 
sponding equation  of  condition  is  easily  deduced  from  the  principles 
above  explained,  it  will  be  sufficient  to  give  a  single  example,  viz.  that 
of  the  determination  of  iodic  acid. 

When  iodic  acid,  either  free  or  combined  with  a  base,  is  distilled 
with  excess  of  fuming  hydrochloric  acid,  each  atom  of  iodic  acid  elimi- 
nates 4  atoms  of  chlorine,  while  1  atom  of  protochloride  of  iodine 
remains  in  the  liquid.  The  percentage  of  iodic  acid  in  a  mixture  of 
salts  w^hose  weight  is  A,  is  therefore  determined  according  to  the  pro- 
cess described  for  the  estimation  of  chlorine  by  means  of  the 
equations — 

X  =  ,     ^T        a{nt  —  f) 

J  •  41. 

A  mixture  of  0-5321  chloride  of  calcium  with  0*2755  iodate  of 
baryta  gave — 

/i  =  3;    if=85-5;    t'  =  Zl'4^',    a  =  0-002578. 

Used.  Yol.  analysis. 

Chloride  of  calcium     .     65*53  65-89 

Iodate  of  baryta      .     .     34-47  34-11 


100-00  100-00 

12.  Volumetric  Separation  of  Cerium  and  Lanthanum. — These 
metals  are  precipitated  together  as  oxides,  the  precipitate  dissolved  in 
strong  sulphuric  acid,  and  the  solution  precipitated  by  potash.  The 
precipitate,  consisting  of  the  hydratcd  protoxides  of  the  two  metals,  is 
suspended  in  a  strong  solution  of  potash,  a  stream  of  chlorine  passed 
through  the  Hquid,  and  the  precipitate  carefully  washed  with  cold 
water.  The  precipitate  consisting  of  ceroso-ceric  oxide  is  treated 
while  still  moist  with  fuming  hydrochloric  acid  (in  the  flask  above 
described,  p.  228),  in  which  it  dissolves  with  brown  colour.  On 
heating  the  mixture,  each  atom  of  ceroso-ceric  oxide  eliminates  1  atom 
chlorine,  which  separates  1  atom  iodine  from  the  iodide  of  potassium 
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ill  the  retort.     If  this  quantity  of  iodine  is  a  {nt  —  t'),  then  the  quau- 
tity^of  the  ceroso-ceric  oxide  contained  in  the  precipitate  is — 

3Ce  +  40      .  ^      ., 

w  =  j^ a  [lit  —  t ) 

or,  expressed  as  cerous  oxide — 

3Ce      .   ,      .,. 
X  =  — Y~  ^  ('nt—t ) 

A  mixture  of  cerous  and  lanthinous  oxides  carefully  purified  from 
all  other  metals^,  was  treated  seven  times  with  potash  and  chlorine  as 
above,  and  the  yellow  precipitate  dried  up  to  a  moist  jelly.  An  inde- 
finite quantity  of  this  precipitate  gave  by  volumetric  analysis  — 

n  =  2;    i'  =  20-l;    /  =  ]06-9;    «  =  0-0025387. 

The  solution  of  cerous  oxide  remaining  in  the  flask  gave  by  preci- 
pitation with  oxalate  of  ammonia  after  neutralisation,  1-2127  grm. 
oxalate  of  cerium  :  0*5275  grm.  of  this  precipitate  burned  with  oxide 
of  copper  gave  0'2073  grm.  carbonic  acid  and  00160  water.  Assuming 
that  the  salt  is  neutral,  the  quantity  of  oxygen  in  the  cerous  oxide 
must  be  one-third  of  that  in  the  oxalic  acid,  and,  therefore,  the  com- 
position of  cerous  oxide  must  be — 

Cerium         ....     87-918 
Oxygen         ....     12-082 


100-000 


Hence  the  atomic  weight  of  cerium  must  be  727-7   (0=100)  or 
58*22  (H  =  l).     Assuming  this  to  be  correct,  we  obtain — 


Calculation. 

Analysis. 

lat. 

cerous  oxide    . 

.     59-45 

59-13 

1  at. 

oxalic  acid 

.     32-47 

32-15 

1  at. 

water 

.       8-08 

8-72 

100-00  100-00 

According  to  these  numbers,  the  cerous  oxide  in  the  entire  quantity 
of  oxalate  1*2137,  must  contain  0*0866  oxygen.  Before  the  reduc- 
tion with  hydrochloric  acid,  the  cerium  was  associated  with  another 
portion  of  oxygen,  wl^ch,  by  means  of  the  above  formula  and  volu- 
metric data,  is  found  to  be  0*0296.  Now,  0*0866  :  0*0296  : :  3  :  1. 
Thus : 

Found.  Calculated. 

Oxygen  in  cerous  oxide      .         .         .     0*0866         0-0872 
Excess  of  oxygen  in  ceroso-ceric  oxide     0-0296         00291 
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Hence  we  may  conclude,  that  hydrated  cerous  oxide,  when  treated 
with  chlorine  in  a  solution  of  caustic  potash,  is  converted  into  a  higher 
oxide  of  the  form  CeO  •  Ce203,  and  that  the  behaviour  of  this  latter 
oxide  when  heated  with  hydrochloric  acid,  may  be  applied  to  the  volu- 
metric estimation  of  cerium,  even  in  presence  of  lanthanum.  It  remains, 
however,  to  be  determined  whether  cerous  oxide  in  presence  of  lan- 
thanous  oxide  may  not  be  converted  by  hypochlorous  acid  into 
LaO  .  CcsOg. 

Besides  the  preceding  and  a  great  number  of  other  bodies  which 
give  rise  to  a  separation  of  free  chlorine,  the  volumetric  method  above 
described  may  likewise  be  applied  to  the  estimation  of  those  substances 
which  are  easily  and  completely  raised  by  chlorine  to  a  higher  degree 
of  oxidation.  These  substances  are  heated  with  fuming  hydrochloric 
acid  and  a  weighed  quantity  of  pure  bichromate  of  potash,  the  evolved 
chlorine  passed  into  a  solution  of  iodide  of  potassium,  and  the  sepa- 
rated iodine  estimated  as  above.     The  quantity  thus  separated,  viz., 

a  [nt  —  f)  is  equal  to  the  quantity  of  iodine  ~ ,    equivalent   to 

the  chromate  of  potash  used,   minus  the  quantity  i,  equivalent  to  the 
protoxide  employed.     The  latter  is  therefore — 

-  —    ^  a{nt  —  t) 


K  +  2Cr 


Hence  the  weight  of  the  substance  itself  may  be  easily  calculated, 
as  in  the  following  examples. 

13.  Estimation  of  Ferrous  Oxide  alone  and  in  conjunction  with 
Ferric  Oxide. — The  quantity  of  ferrous  oxide  6  in  a  sample  of  iron  ore, 
&c.,  may  be  found  from  the  following  considerations  :  i  denotes  the 
quantity  of  iodine  which  the  ferrous  oxide  subjected  to  volumetric  ex- 
amination requires  in  order  to  convert  it  into  ferric  oxide.     Now  this 

quantity  of  iodine  is  to  the  ferrous  oxide  present  as  I  .*  2Fe.  Hence, 
substituting  for  i  its  value  above  given,  we  find  for  the  quantity  of 
ferrous  oxide  in  the  compound  examineti — 

n^  6Fe  2  Fe       .'        . 

(1)  e  =  p   —   — Y~  a[nl  —  t); 

K  +  2Cr 
the  corresponding  quantity  of  iron  is — 

,,,.        ,  6Fc  2Fe       .   ^       ,. 

(2)  e   —  p   —   — z —  a  (nt     t ) 

k  +  2Cr 
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and  the  equivalent  quantity  of  ferric  oxide — 

(3)     e-  =.       ^^      p   -  -^a  [nt-ty 
k  +  2Cr 

The  formula  (1)  is  true  only  so  long  as  the  equation  of  indication 

I  31 

< is  satisfied.     This  is  the  case  when  one  or  more 

2Fe        K  +  2Cr 

parts  by  weight  of  bichromate  of  potash  are  used  for  every  1  part  by 
weight  of  the  iron-compound.  The  equations  (2)  and  (3)  are  of 
course  subject  to  corresponding  limitations. 

To  estimate  ferrous  oxide,  either  by  itself  or  in  conjunction  with 
ferric  oxide,  the  flask  (p.  228)  is  two-thirds  filled  with  fuming  hydro- 
chloric acid,  and  the  air  in  the  upper  part  expelled  by  carbonic  acid 
evolved  by  throwing  a  few  grains  of  carbonate  of  soda  into  the  acid. 
When  all  the  air  has  thus  been  expelled,  the  chromate  of  potash  j3 
and  the  substance  A,  weighed  in  a  small  open  glass  tube,  are  thrown 
into  the  acid,  the  gas-delivery  tube  put  on,  and  the  process  conducted 
as  for  the  estimation  of  chromates. 

Magnetic  iron  ore  from  the  Tyrol,  crystallised  in  beautiful  octohe- 
drons,  gave  by  this  method,  after  thorough  drying — 

A  =  0'2869;    j»  =  0-4206;    n  =  Q ;    /=71-3;    /'  =  65-6; 
0  =  0-0025387. 

Calculation.  Analysis. 

1  at.  FcaOg  .    .    .  68-97       68-96 
1  at.  FeO   .    .    .  31-03       3104 


100-00      100-00 

To  determine  metallic  iron  or  ferric  oxide,  the  substance  is  dissolved 
in  hydrochloric  acid,  and  the  sesquioxide  of  iron  completely  reduced 
to  protoxide  by  boiling  with  sulphurous  acid,  or  better  with  chemically 
pure  zinc.  The  ferrous  solution  is  then  treated  with  hydrochloric 
acid  and  bichromate  of  potash  as  above. 

0'5603  grm.  of  fine  bright  harpsichord-wire  was  dissolved  in  aqua 
regia :  the  silica  removed  by  evaporation  and  re-solution  in  acid,  and 
the  ferric  oxide  precipitated  by  ammonia ;  it  weighed  after  ignition 
0-7977  grm. 

0-2087  grm.  of  the  same  wire  gave  by  the  volumetric  method — 
^  =  0-2087;    n=\;    /  =  68  4;    ^  =  11-0;    a  =  00025387. 
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Quantities  used.       Volumetric  analysis. 

Iron     .         .         .         .     99-66  9962 

Carbon  and  silicum        .       0*34  0*38 


100-00  100-00 

14.  Estimation  of  Arsenious  Acid 'and  its  Salts. — If  A  be  the 
weight  of  the  substance  containing  the  arsenious  acid,  and  p  the 
quantity  of  bichromate  of  potash  acid,  the  percentage  of  arsenious 
acid  is  given  by  the  equation — 

100  r      3As_  As        ,,,,,■! 

w  =  — ^     — ■ —  p — j-  a{nt-t)      . 

^    "-2(K  +  2Cr)  '^^  -J 

The  quantity  of  iodine  consumed  by  the  arsenious  acid  x  in  the 

substance  A  is  x,  and  the  iodine  set  free  by  p  is p. 

As  K  +  2Cr 

The  weight  of  the  arsenical   substance  must  therefore  be  so  propor- 
tioned to  the   bichromate  of  potash  that  the  equation  of  condition, 

2  1  31 

' X  <  p,    may  be  satisfied :   that  is  to  say,  that  there 

As  K  +  2Cr 

may  always  be  more  than  0'998  parts  of  bichromate  of  potash  to 
1  part  of  the  arsenical  substance. 

0*2615  grm.  of  pure  arsenious  acid  mixed  with  0-5274  grm.  gyp- 
sum, and  treated  as  above  with  0-4334  grm.  bichromate  of  potash, 
gave — 

^  =  0-7889;  j9  =  0-4334;    /i=3;    /=79-8;    if'=66-4; 
a  =  0-0025387. 

Quantities  used.      Volumetric  analysis. 
Arsenious  acid        .         .     33-15  33*14 

Gypsum         .         .         .     66*85  66*86 

100-00  100*00 
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Researches  on  Oxygen  In  the  Nascent  State.* 
By  A.   Houzeau. 

When  peroxide  of  barium  is  acted  upon  at  ordinary  temperatures  by 
monohydrated  sulphuric  acid,  the  oxygen  evolved  possesses  very  active 
oxidising  properties.  A  simple  apparatus  for  the  purpose  consists  of 
a  tubulated  flask,  to  the  narrower  neck  of  which  is  adapted  a  tube  to 
convey  the  gas  into  a  jar  standing  over  water.  The  sulphuric  acid 
being  first  poured  into  the  flask,  the  peroxide  of  barium  is  added  to 
it  in  small  fragments,  and  the  neck  quickly  closed  with  a  cork.  The 
disengagement  of  gas  soon  begins,  and  is  more  rapid  as  the  acid 
mixture  becomes  more  strongly  heated.  It  is  therefore  sometimes 
necessary  to  accelerate  the  action  by  immersing  the  flask  in  a  water- 
bath  ; — at  other  times,  on  the  contrary,  to  moderate  it  by  the  use  of 
cold  water. 

Nascent  oxygen  is  a  colourless  gas  having  a  powerful  odour ;  it 
must  be  respired  with  caution,  for  if  introduced  into  the  system  in 
large  quantity,  it  gives  rise  to  nausea,  which  may  be  followed  by 
vomiting.  Its  odour  also,  which  at  first  is  by  no  means  unpleasant, 
becomes  insupportable  after  smelling  it  frequently :  its  taste  resembles 
that  of  the  lobster. 

When  heated  to  75°  C.  (168°  F.),  or  exposed  to  the  sun^s  rays,  it 
loses  all  its  active  properties.  In  presence  of  water,  and  at  ordinary 
temperatures,  it  oxidises  most  of  the  metals, — even  silver, — pcroxidises 
metallic  protoxides,  and  immediately  transforms  arsenious  into  arsenic 
acid,  &c.  The  alkalies  (potash,  soda,  lime,  baryta),  and  the  stronger 
acids  (sulphuric,  phosphoric,  nitric),  act  powerfully  on  it. 

Ammonia  in  contact  with  nascent  oxygen  undergoes  a  true  com- 
bustion, the  product  of  which  is  a  nitrous  compound  :  on  plunging  a 
glass  rod,  dipped  in  ammonia,  into  a  jar  of  the  odoriferous  oxygen, 
the  vessel  is  immediately  filled  with  w^hite  fumes  of  nitrate  of 
ammonia. 

Phosphurettcd  hydrogen  of  the  non-spontancously  inflammable, 
variety,  which  is  not  acted  upon  at  20°  C.  (58°  F.)  by  ordinary 
oxygen,  burns  with  emission  of  light  in  the  odoriferous  gas. 

Lastly,  hydrochloric  acid,  dissolved  in  water,  is  completely  decom- 
posed by  nascent  oxygen;  the  hydrogen  is  burned,  and  the  liberated 
chlorine  dissolves  gold-leaf  immersed  in  the  modified  acid. 

Nascent  oxygen  is,  therefore,  a  chlorinising  agent,  in  the  same 
manner  as  chlorine «is  an  oxidising  agent :  it  is,  in  fact,  to  this 
remarkable  power  of  combustion  in  nascent  oxygen  that  the  metallic 
peroxides  owe  their  faculty  of  eliminating  chlorine  under  the  influence 
of  hydrochloric  acid. 


Compt.  rend.  xl.  947. 
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Thti  odoriferous  gas  acts  still  more  rapidly  on  iodide  of  potassium, 
liberating  the  iodine ;  it  decolourises  spontaneously  the  tinctures  of 
litmus,  cochineal,  carnpeachy  wood,  sulphate  of  indigo,  &c.,  exhibiting 
a  bleaching  power  equal  to  that  of  chlorine  itself.  Porous  bodies 
absorb  nascent  oxygen,  and  modify  it  in  a  remarkable  manner ;  for 
when  the  gas  is  slowly  passed  through  a  glass  tube  filled  with 
asbestos,  platinum-black,  lint,  carded  cotton,  shreds  of  flannel,  &c.,  its 
odour  and  oxidising  properties  are  completely  destroyed. 

The  following  table  gives  a  summary  of  the  differences  between 
ordinary  and  nascent  oxygen  : — 

Properties  of  ordinary  oxygen  in  the  fi-ee      Properties  of  nascent   oxygen  in  the  free 
state^  and  at  the  temperature  of  15°  C  state^  and  at  the  temperature  of  15°  C. 

(60°  F.)  (60°  F.) 

Colourless  gas,  inodorous  and  tasteless.  Colourless  gas,   having  a  very  powerful 

odour,  and  the  taste  of  lobsters. 

Has  no  action  on  blue  litmus.  Rapidly  decolourises  blue  litmus. 

Does  not  oxidise  silver.  Oxidises  silver. 

Has  no  action  on  ammonia.  Burns  ammonia  spontaneously,  and  trans- 

forms it  into  nitrate. 

Has  no  action  on  phosplmretted  hydrogen.      Instantly  burns  phosphuretted  hydrogen, 

with  emission  of  light. 

Does  not  decompose  iodide  of  potassium.      Acts  rapidly  on  iodide  of  potassium,  set- 
ting the  iodine  free. 

Has  no  action  on  hydrocliloric  acid.  Decomposes  hydrochloric  acid,  setting  the 

chlorine  free. 

Has  a  feeble  oxidising  action.  Is  a  powerful  oxidising  and  chlorinising 

agent. 

Very  stable  at  all  temperatures.  Stable  at  15°  C,  but  destroyed  towards 

75°. 

Peroxide  of  barium  is  not  the  only  body  which  is  capable  of  yielding 
active  oxygen.  Oxygen  in  the  combined  state  possesses,  indeed,  the 
intensified  power  which  distinguishes  free  oxygen  in  the  nascent  state, 
and  which  it  ceases  to  exhibit  when  completely  isolated,  because  the 
temperature  at  which  it  is  usually  evolved  from  its  combinations  is 
equal  or  superior  to  that  at  which  active  oxygen  passes  into  the 
ordinary  state. 

[It  appears  from  the  experiments  of  Dr.  Andrews,  lately  com- 
municated to  the  lloyal  Society,*  that  ozone,  evolved  by  the  electro- 
lysis of  water,  and  stated  by  Baumertt  and  others  to  be  a  peroxide 
of  hydrogen,  is  nothing  but  active  oxygen.  Andrews  attributes  the 
results  obtained  by  these  chemists  to  the  presence  of  a  small  quantity 
of  carbonic  acid,  which  always  accompanies   electrolytic  oxygen,  and 

*  Proc.  Eoy.  Soc.  vii.  475,  f  Chem.  Soc.  Qu.  J.  vi.  1G9. 
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is  difficult  to  remove.  He  also  confirms  the  statement  of  Fremy 
and  Becquerel,  that  ozone  is  formed  by  the  action  of  the  electric 
spark  on  perfectly  pure  and  dry  oxygen  ;  and  shows  that  ozone,  how- 
ever prepared,  has  always  the  same  properties,  and  is  not  a  compound 
body,  but  oxygen  in  an  altered  or  allotropic  condition. — Ed.] 


On  Aluminium.'^ 
By  H.  Ste.-Claire   Devllle. 

Aluminium  was  discovered,  in  1827,  by  Wohler,t  who  obtained  it 
by  reducing  the  chloride  with  potassium  in  the  form  of  a  grey  pow  der ; 
and  afterwards  showed  J  that  by  the  same  method  the  metal  may  be 
obtained  in  fused  globules.  He  described  it  as  a  tin-white,  perfectly 
malleable  metal,  which  does  not  tarnish  by  exposure  to  the  air ;  melts 
in  the  blowpipe  flame;  has  a  density  of  2*5,  increasing  by  hammer- 
ing to  2*67 ;  not  decomposing  water  at  ordinary  temperatures,  but 
evolving  hydrogen  from  it  slowly  at  100°  C. 

Deville  has  lately  obtained  the  metal  in  much  larger  quantities, 
and  has  studied  its  properties  more  minutely.  He  prepares  it  by 
two  methods :  —  1,  by  reducing  the  chloride  of  aluminium  with 
sodium  ;  2,  by  reducing  the  double  chloride  of  aluminium  and  sodium 
by  electrolysis. 

To  prepare  the  chloride  of  aluminium,  Deville  mixes  ignited 
alumina  with  charcoal  and  oil,  to  the  consistence  of  a  paste ;  heats  the 
mixture  in  a  crucible;  introduces  the  pulverised  mass  into  a  tubulated 
earthen  retort,  having  a  short  neck  to  which  a  bell-shaped  receiver  is 
adapted ;  heats  the  retort  to  dull  redness ;  and  then  passes  chlorine 
gas  into  it :  chloride  of  aluminium  then  passes  over  after  a  short 
time. 

To  decompose  the  chloride  of  aluminium  with  sodium,  §  200  or  300 
grammes  of  the  chloride  are  placed  in  a  wide  glass  tube  between  two 
plugs  of  asbestos;  pure  dry  hydrogen  passed  through  the  tube;  and 
the  chloride  of  aluminium  heated  (the  stream  of  hydrogen  being 
continued)  to  drive  out  hydrochloric  acid,  chloride  of  sulphur,  and 
chloride  of  silicium,  which  are  formed  at  the  same  time.  A  number 
of  porcelain  boats,  each  containing  a  few  grammes  of  sodium  dried 
between  bibulous  paper,  are  then  introduced  into  the  tube;  and  the 

*  Ann.  Ch.  Phys.  [3],  ^iii.  5. 

t  Pogg,  Ann.  xi.  146. 

i  Ann.  Ch.  Pharm.  liii.  422. 

§  For  the  preparation  of  sodium,  Deville  recommends  a  mixture  of  717  parts 
dry  carbonate  of  soda,  175  charcoal,  and  108  chalk, — the  latter  for  the  purpose  of 
keeping  the  mixture  during  the  heating  in  a  pasty  condition,  and  to  condense  the 
sodium  in  a  small  receiver,  as  recommended  by  Maresca  aud  Donny  (Ann.  Ch. 
Phys.  [3],  XXXV.  147). 
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tube  is  heated  till  the  sodium  melts  and  the  choride  of  aluminium 
volatilises  in  the  atmosphere  of  hydrogen,  and,  coming  in  contact 
with  the  sodium,  is  thereby  decomposed.  As  soon  as  all  the  sodium 
has  disappeared,  and  the  resulting  chloride  of  sodium  has  taken  up 
chloride  of  aluminium  to  saturation,  the  porcelain  boats  are  with- 
drawn from  the  glass  tube,  and  introduced  into  a  wide  porcelain  tube, 
in  which  they  are  heated  in  a  stream  of  pure  hydrogen  till  the  double 
chloride  of  sodium  and  aluminium  volatilises  and  condenses  in  the 
receiver.  The  aluminium  which  remains  behind,  aggregated  in  one 
or  two  masses,  is  washed  out  with  a  little  water,  to  remove  small 
quantities  of  the  double  salt  and  of  brown  silicium  (produced  by  the 
action  of  sodium  and  aluminium  on  the  silica  in  the  porcelain).  To 
unite  the  separate  globules  of  aluminium  into  one,  a  quantity  of 
chloride  of  aluminium  and  sodium  is  then  fused  in  a  porcelain 
crucible;  the  aluminium  added  to  it  as  soon  as  the  evolution  of  hydro- 
chloric acid  (proceeding  from  adhering  moisture)  ceases;  the  heat 
increased  till  the  aluminium  fuses  together;  the  excess  of  the  double 
chloride  poured  off  after  the  metal  has  solidified  by  cooling ;  and  the 
aluminium  kept  in  a  state  of  fusion  in  a  covered  porcelain  crucible,  till 
the  adhering  double  chloride  is  completely  volatilised.  A  globule 
of  very  pure  aluminium  is  then  found  at  the  bottom  of  the  crucible, 
coateii  with  a  thin  pellicle  of  alumina  proceeding  from  the  partial 
decomposition  of  the  flux. 

Aluminium  may  also  be  reduced  from  the  chloride  by  means  of 
vapour  of  sodium.  For  this  purpose,  the  sodium  disengaged  by 
heating  a  mixture  of  carbonate  of  soda,  charcoal,  and  chalk,  is  made 
to  pass  into  a  large  earthen  crucible  by  means  of  an  iron  tube  passing 
from  the  bottle  containing  the  mixture  through  a  hole  in  the  side  of 
the  crucible.  The  oxide  of  carbon,  which  first  passes  into  the  crucible, 
burns  at  the  bottom,  heats  and  dries  it ;  afterwards  the  vapour  of 
sodium  passes  over;  and.  as  soon  as  the  flame  of  that  metarbecomcs 
visible,  chloride  of  aluminium  is  thrown  into  the  crucible  in  small 
pieces  from  time  to  time,  and  is  there  reduced.  At  the  end  of  the 
operation  the  crucible  is  broken,  and  the  saline  mass,  com.posed 
of  chloride  of  sodium,  small  globules  of  aluminium,  and  charcoal 
impregnated  with  soda,  is  digested  in- water  if  acid,  in  dilute  nitric 
acid  if  alkaline,  to  dissolve  out  the  saline  matters.  The  several 
globules  of  aluminium  are  then  fused  into  one  in  the  manner  already 
described.  The  author  has  not  yet  perfected  this  latter  method ; 
but  it  appears  to  promise  very  good  results,  yielding  a  considerable 
quantity  of  very  pure  aluminium  even  from  very  impure  chloride.* 


Electrohjtic  jn-ot  ess.  —  The    double    chloride  of   aluminium   and 

*  From  a  paper  recently  published  by  II.  Rose  (Pogg.  Ann.  xcvi.  152),  it  appears 
tlmfc  aluminium  may  be  much  more  advantageously  obtained  by  the  action  of  sodium 
on  Cn/ollle,  which  is  a  nntive  fluoride  ofalumiin'um  nnd  sodium. 
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sodium,  prepared  by  fusing  in  a  porcelain  crucible  at  200°  C.  a 
mixture  of  2  parts  chloride  of  aluminium  and  1  part  dry  and 
pulverised  chloride  of  sodium,  is  introduced  into  a  heated  porcelain 
crucible,  in  the  cover  of  which  are  two  apertures, — one  near  the 
edge  of  the  crucible,  to  admit  a  broad  platinum  plate,  w^hich  forms 
the  negative  pole  of  the  battery ;  and  the  other  in  the  middle,  to  admit 
a  porous  cylindrical  cell,  likewise  filled  with  the  fused  double  chloride, 
in  which  is  immersed  a  piece  of  dense  charcoal,  serving  as  the  positive 
pole.  On  passing  the  current  of  a  few  galvanic  elements  through 
this  arrangement,  the  aluminium  separates,  together  with  chloride  of 
sodium,  on  the  platinum  plate,  which  must  be  taken  out  from  time 
to  time,  quickly  freed,  when  cold,  from  the  deposit  which  has  formed 
upon  it,  and  again  immersed :  pieces  of  dry  chloride  of  sodium  must 
be  dropped  into  the  porous  cell  from  time  to  time,  to  compensate  for 
the  quantity  which  passes  to  the  negative  pole.  When  the  several 
deposits  removed  from  the  platinum  plate  are  collected  together,  and 
fused  in  a  crucible,  and  the  fused  mass  treated  with  water,  chloride 
of  sodium  dissolves,  and  a  grey  metallic  powder  remains,  which,  by 
repeated  fusion  with  the  chloride  of  aluminium  and  sodium,  may  be 
united  into  bright  metallic  masses.* 

Properties  of  Alimntnam. — Pure  aluminium  is  white,  with  a  faint 
bluish  iridescence  :  when  recently  fused,  it  is  soft,  like  pure  silver,  and 
has  a  density  of  2'56 ;  but,  after  hammering  or  rolling,  it  is  as  hard  as 
iron,  and  has  a  density  of  2*67.  It  conducts  electricity  eight  times 
as  well  as  iron,  and  is  slightly  magnetic.  Its  melting  point  is  between 
that  of  zinc  and  that  of  silver  ;  when  solidified  from  fusion,  and  also 
when  reduced  by  electrolysis,  it  exhibits  crystalline  forms  (apparently 
regular  octohedrons).  It  does  not  oxidise  in  the  air,  even  at  a  strong 
red  heat,  neither  does  it  decompose  water,  excepting  at  the  strongest 
red  heat, — and  even  then  but  slowly.  It  does  not  dissolve  in  nitric 
acid,  either  dilute  or  concentrated,  at  ordinary  temperatures,  and  but 
very  slowly  in  boiling  nitric  acid;  dilute  sulphuric  acid  scarcely 
attacks  it  at  ordinary  temperatures,  even  after  a  long  time ;  hydro- 
chloric acid,  of  any  degree  of  concentration,  dissolves  it  readily,  even 
at  low  temperatures,  with  evolution  of  hydrogen.  Sulphuretted 
hydrogen  has  no  action  upon  it ;  neither  is  it  attacked  by  the  fused 
hydrates  of  the  alkalies.  It  does  not  combine  with  mercury ;  and, 
when  fused  with  lead,  takes  up  only  traces  of  that  metal.  With 
copper  it  unites  in  various  proportions,  forming  light,  very  hard,  and 
white  alloys  ;  and  co^ibines  also  with  silver  and  iron.  The  aluminium 
obtained     by    Deville    in  the    manner   above  described    differs   in 


*  lUmsen  (Pogg.  Ann.  xoii.  048)  lias  obtained  aliuuiiiiuiii  in  compact  Diafiscss  by 
a  ;>iniilar  pi-occss, — the  same,  in  !act,  that  lie  had  j>revioubi\  apjilied  to  thc>  ivduction 
of  magnesium  (Ann.  Ch.  I'liann.  Ixxxii.  137). 
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some  respects  from  Wohler's  aluminium, — chiefly  in  being  less 
fusible,  and  in  not  decomposing  water.  Deville  attributes  the 
inferior  fusibility  of  Wohler's  aluminium  to  the  presence  of 
platinum  (proceeding  from  the  platinum  tube  which  Wohler  used 
to  effect  the  decomposition) ;  and  its  power  of  decomposing  water 
to  the  presence  of  potassium  or  of  undecomposed  chloride  of 
aluminium. 

Deville  did  not  succeed  in  reducing  aluminium  by  electrolysis 
from  an  aqueous  solution  of  any  of  its  compounds;  but,  according  to 
G.  Gore,^  this  metal  may  be  reduced  on  copper  by  the  galvanic 
current  from  a  solution  of  hydrochlorate  or  acetate  of  alumina,  or  more 
slowly  from  a  solution  of  alum ;  it  then  forms  a  lead-coloured  deposit, 
which  acquires  the  colour  of  platinum  by  polishing. 

New  Form  of  SUicium. — The  first  portions  of  aluminium  obtained 
by  Deville's  electrolytic  process  contain  silicium  and  other  impurities 
derived  from  the  chloride  of  aluminium  used  :  one  sample  was  found 
to  contain  10'3  per  cent,  silicium,  and  89'7  aluminium,  with  a  trace 
of  iron.  On  treating  this  impure  and  highly  crystalline  aluminium 
with  hydrochloric  acid,  hydrogen  gas  having  a  very  offensive  odour 
is  evolved,  and  silicium  remains  behind  in  the  form  of  shining  metallic 
laminae,  which  may  be  heated  to  whiteness  in  a  stream  of  oxygen 
without  alteration,  are  not  dissolved  by  any  acid  excepting  a  mixture 
of  hydrofluoric  and  nitric  acids,  and  are  but  very  slowly  oxidised  by 
fused  potash,  even  at  a  red  heat.  This  modification  of  silicium,  which 
appears  to  be  related  to  the  previously  known  forms  of  that  substance, 
in  the  same  manner  as  graphite  to  charcoal,  is  a  conductor  of  elec- 
tricity (Deville). 


On  Gluclnum  and  its  Compounds.'f 

By  H.  Debray. 

Glucina  was  discovered  by  Vauquelin  in  1797  in  the  emerald  of 
Limoges,  and  has  since  been  found  in  cymophane,  chrysoberyl, 
phenakite,  the  gadolinites,  ieucophane,  and  helvine ;  but,  on  account 
of  the  great  difficulty  of  preparing  it,  its  properties  and  the  consti- 
tution of  its  compounds  have  not  hitherto  been  satisfactorily  studied. 
Berzelius  from  the  similarity  of  its  behaviour  in  solution  with  that 
of  alumina    and  from  its  insolubility  in  acids  after  calcination,  was 

*  Phil.  Mag.  [4],  vii.  227. 
t  Ann.  <Jli.  Ph^/s.  [3],  xliv.  5. 
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led  to  regard  it  as  a  sesquioxide,  GI2O3, — a  view  which  was  further 
confirmed  by  the  discovery  of  H.  Rose,  that  chloride  of  glucinum 
may  be  prepared  in  the  same  manner  as  chloride  of  aluminum ;  and 
by  the  similarity  of  the  metal  (isolated  by  Wohler  in  1827)  to 
metallic  aluminum.  But  in  1843  Awdejew,*  after  having  vainly 
endeavoured  to  obtain  a  sulphate  of  glucina  and  potash  analogous  to 
common  alum,  prepared  one  in  which  the  potash  and  the  glucina 
were  combined  with  equal  quantities  of  sulphuric  acid, — agreeing,  in 
fact,  with  the  formula  KO,S03  +  G10,S03  +  2HO  ;  and  likewise  a 
double  fluoride  of  similar  constitution:  KFl  +  GlFl.  This  view  of 
the  constitution  of  glucina  was  further  confirmed  by  the  examination 
of  several  minerals  containing  that  earth, — particularly  of  the 
cymophanes  from  the  Ural  and  from  Ceylon,  in  which  the  relative 
quantities  of  glucina  and  alumina  were  found  to  be  as  constant  as  in 
the  emerald, — contrary  to  the  generally-received  opinion,  that  glucina 
and  alumina  are  capable  of  replacing  one  another  as  bodies  of 
similar  constitution.  Regarding  glucina  as  a  protoxide,  GIO,  the 
formula  of  cymophane  is  G10,Al203,  and  that  of  the  emerald, 
G10Si03  +  Al203,3Si03.  The  formulee  of  all  these  compounds  on  the 
hypothesis  of  Berzelius  are  much  more  complicated.  From  the 
analysis  of  the  sulphate  of  glucina  regarded  as  GIO,  Awdejew  deduced 
for  the  metal  the  atomic  weight  4*65  (H  =  l),  which  is  less  than 
that  of  any  of  the  other  elements  except  hydrogen.  This  circumstance 
was  regarded  by  Berzelius  as  a  capital  objection  to  Awdejew^s 
theory;  and  he  accordingly  (admitting  the  correctness  of  Awdejew's 
analysis)  fixed  the  atomic  weight  of  glucinum  at  15  11 ,  regarding 
glucina  as  GI2O3.  It  appears  also  from  Ebelmen^s  researches  on  the 
artificial  formation  of  minerals,  that  glucina  crystallises  in  the  same 
form  as  alumina.  This  circumstance  cannot,  however,  be  regarded  as 
of  much  importance  with  reference  to  the  formula  of  glucina,  inasmuch 
as  oxide  of  zinc,  which  is  universally  regarded  as  a  protoxide,  likewise 
crystallises  in  the  same  form  as  alumina. 

The  following  researches  were  made  with  the  view  of  supplying 
additional  materials  for  the  decision  of  this  question,  and  contributing 
further  to  the  knowledge  of  glucinum  and  its  compounds. 

The  metal  Glucinum  is  obtained  from  the  chloride  by  reduction 
with  sodium,  in  a  manner  similar  to  that  adopted  by  Devi  lie  for  the 
preparation  of  aluminium  (page  239).  It  is  a  white  metal,  whose 
density  is  2*1.  It  may  be  forged  and  rolled  into  sheets  in  the  cold ; 
its  melting  point  is  below  that  of  silver.  It  may  be  melted  in  the 
outer  blowpipe  flam^,  without  exhibiting  the  phenomenon  of  ignition 
presented  by  zinc  and  iron  under  the  same  circumstances ;  it  cannot 
even  be  set  on  fire  in  an  atmosphere  of  pure  oxygen,  but  in  both 
experiments  becomes  covered  with  a  thin  coat  of  oxide,  which  seems 

*  Ann.  Ch.  Phys.  [3J,  vii.  155. 
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to  protect  it  from  further  oxidation.  It  is  not  attacked  by  sulphur, 
even  when  melted  in  the  vapour  of  that  substance;  and  as  Fremy 
did  not  succeed  in  obtaining  a  sulphide  of  glucinum  by  heating 
glu^ina  with  charcoal  and  sulphide  of  carbon,  it  seems  probable  that 
glucinum  does  not  form  a  sulphide.  Chlorine  acts  upon  glucinum 
with  the  aid  of  a  gentle  heat,  but  without  vivid  incandescence,  the 
metal  merely  becoming  red-hot  when  exposed  to  a  rapid  current  of 
chlorine.  Iodine  combines  readily  with  glucinum  at  a  dull  red  heat ; 
at  lower  temperatures,  part  of  the  iodine  remains  in  excess,  and  forms 
with  the  iodide  of  glucinum  a  reddish  mass,  which  becomes  liquid 
and  blackish  under  the  influence  of  a  larger  quantity  of  iodine. 
Silicium  unites  readily  with  glucinum,  forming  a  hard  brittle  sub- 
stance, susceptible  of  a  high  polish  :  this  alloy  is  always  obtained 
when  glucinum  is  reduced  in  porcelain  vessels.  Glucinum  does  not 
decompose  water  at  a  boiling  heat,  or  even  when  heated  to  whiteness. 
Gaseous  hydrochloric  acid  attacks  the  metal  at  the  temperature  pro- 
duced by  a  small  spirit-lamp,  the  action  being  attended  with  evolution 
of  heat.  Aqueous  hydrochloric  acid,  even  when  dilute,  attacks  it 
readily,  with  evolution  of  hydrogen  ;  if  the  metal  contains  silicium,  that 
substance  remains  behind  in  the  graphite-like  form  first  observed  by 
Deville  (page  242).  Sulphuric  acid,  either  dilute  or  concentrated, 
acts  like  hydrochloric  acid.  Nitric  acid,  even  when  concentrated, 
does  not  act  upon  glucinum  at  ordinary  temperatures,  and  dissolves 
it  but  slowly  even  at  a  boiling  heat.  Glucinum  is  not  attacked  by 
ammonia,  but  dissolves  readily  in  solution  of  potash.  The  above- 
mentioned  properties  differ  considerably  from  those  of  the  metal 
which  Wohler  obtained  by  igniting  chloride  of  glucinum  with 
potassium  in  a  platinum  crucible,  the  metal  thus  obtained  being  a 
grey  powder,  very  refractory  in  the  fire,  but  combining  with  oxygen, 
sulphur,  and  chlorine,  much  more  energetically  than  Debray^s  metal. 
The  differences,  however,  ap[)ear  to  be  due,  partly  to  the  difference  of 
aggregation,  and  partly  to  the  contamination  of  Wohler' s  metal 
with  platinum  and  potassium. 

Gliicina,  GIO  =  4-51  -f  8  =  12-54. — Deb  ray  prepares  this  earth 
from  the  emerald  of  Limoges  by  the  following  process  : — The  mineral, 
finely  pounded,  is  fused  with  half  its  weight  of  quicklime  in  an  air 
furnace,  and  the  glass  thus  obtained  is  treated,  first  with  dilute,  and 
then  with  strong  nitric  acid,  till  it  is  reduced  to  a  homogeneous  jelly. 
The  product  is  then  evaporated  to  dryness,  and  heated  sufficiently  to 
decompose  the  nitrates  of  alumina,  glucina,  and  iron,  and  a  small 
portion  of  the  nitrate  of  lime ;  and  the  residue,  consisting  of  silica, 
alumina,  glucina,  sesquioxide  of  iron,  nitrate  of  lime,  and  a  small 
quantity  of  free  lime,  is  boiled  with  water  containing  sal-ammoniac, 
which  dissolves  the  nitrate  of  lime  immediately,  and  the  free  lime 
after  a  while,  with  evolution  of  ammonia  (if  no  ammonia  is  evolved, 
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tiie  calninatioii  lias  not  been  canitid  far  enough,  and  must  be  re- 
peated). The  hquid  is  then  decanted;  the  precipitate,  after  thorough 
washing,  treated  with  boiling  nitric  acid;  and  the  resulting  solution 
of  alumina,  glucina,  and  iron,  poured  into  a  solution  of  carbonate  of 
ammonia  mixed  with  free  ammonia.  The  earths  are  thereby  pre- 
cipitated without  evolution  of  carbonic  acid,  and  the  glucina  re-, 
dissolves,  after  seven  or  eight  days,  in  the  excess  of  carbonate  of 
ammonia.  As  the  carbonate  of  ammonia  may  also  dissolve  a 
small  quantity  of  iron,  it  should  be  mixed  with  a  small  quantity  of 
sulphide  of  ammonium,  to  precipitate  the  iron  completely.  Lastly, 
the  carbonate  of  ammonia  is  distilled  off,  and  the  carbonate  of  glucina 
which  remains  yields  pure  glucina  by  calcination. 

Glucina  is  a  white,  loosely-coherent  powder,  without  taste  or  smell. 
It  is  infusible  even  in  a  blowpipe  flame  fed  with  ether-vapour  and 
oxygen,  but  volatilises  at  that  temperature  like  magnesia  and  oxide  of 
zinc.  It  is  not  hardened  by  heat,  like  alumina,  but  merely  rendered 
less  soluble  in  acids.  Ebelmen  has  obtained  it  in  hexagonal  prisms, 
by  exposing  a  solution  of  glucina  in  fused  boracic  acid  to  a  powerful 
and  long-continued  heat.  It  may  be  more  easily  obtained  in  micro- 
scopic crystals,  apparently  of  the  same  form,  by  decomposing  the 
sulphate  of  glucina  at  a  high  temperature  in  presence  of  sulphate  of 
potash ;  also  by  calcining  the  double  carbonate  of  glucina  and 
ammonia.  The  hydrate  of  glucina  resembles  the  hydrate  of  alumina, 
but,  when  dried  in  the  air,  absorbs  a  considertoe  quantity  of 
carbonic  acid.  Hydrate  of  glucina  dissolves  in  potash,  but  is 
precipitated  by  boiling  when  the  solution  is  diluted  with  water  to 
a  certain  extent.  It  is  likewise  soluble  in  carbonate  of  potash  or 
soda,  sulphurous  acid,  and  bisulphate  of  ammonia.  When  precipitated 
by  ammonia,  it  is  completely  redissolved  by  prolonged  ebullition, 
especially  when  precipitated  from  the  oxalate  or  acetate. 

Sulphate  of  Glucina. — This  salt  has,  according  to  Awdejew,  the 
formula  G10,S03-f4H0.  Debray  has  verified  this  formula  by 
calcining  one  portion  of  the  salt  in  powder,  to  determine  the  glucina ; 
evaporating  another  portion  in  aqueous  solution,  together  with  a 
known  quantity  of  pure  lime,  and  calcining  the  residue.  If  the  lime 
is  in  sufficient  excess,  nothing  but  water  is  driven  off.  The  increase 
of  weight  of  the  lime,  minus  the  quantity  of  glucina,  gives  the  quantity 
of  sulphuric  acid,  and  the  water  is  determined  by  difference.  This 
method  may  be  applied  to  the  analysis  of  a  great  number  of  sul- 
phates ;  lime  is  n\ore  convenient  for  the  calcination  than  the  oxide  of 
lead  generally  used,  because  the  latter  is  apt  to  oxidise  and  deoxidise 
during  the  calcination,  thereby  rendering  the  weight  uncertain ; 
moreover,  the  heating  with  lime  may  be  safely  performed  in  vessels 
of  platinum. 

A  solution  of  sulphate  of  glucina  dissolves   zinc,  witb  evolution  of 
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hydrogen,  which  burns  with  a  peculiar  bluish  flame.  If  the  solution 
is  dilute,  a  compound  of  sulphate  of  zinc  with  bibasic  sulphate  of 
glucina  is  formed  ;  but  in  concentrated  solutions  a  more  basic  sulphate 
of  glucina,  decomposible  by  water,  may  be  formed  by  prolonged 
ebullition.  A  solution  of  sulphate  of  alumina,  under  the  same  cir- 
cumstances, gives  oflP  hydrogen,  and  is  converted  into  sulphate  of 
zinc  and  insoluble  subsulphate  of  alumina,  very  dense,  and  easy  to 
wash.  These  reactions  afford  a  method  of  separating  glucina  from 
alumina.  The  mixture  of  the  two  earths  is  dissolved  in  dilute 
sulphuric  acid,  and  ammonia  added  till  the  precipitate  just  begins  to 
become  permanent,  after  which  the  liquid  is  boiled  with  zinc,  and  the 
water  renewed  as  it  evaporates.  The  alumina  is  then  precipitated  as 
subsulphate,  while  the  zinc  remains  in  solution.  Nearly  all  the 
alumina  is  precipitated  after  a  few  hours'  boiling ;  but  to  remove  the 
last  traces,  the  solution  must  be  left  in  contact  with  the  zinc  for 
twenty-four  hours.  The  zinc  may  be  precipitated  from  the  filtered 
solution  by  sulphuretted  hydrogen,  with  addition  of  acetate  of  soda, 
and  the  remaining  sulphate  of  glucina  purified  by  crystallisation. 
This  method  is  very  useful  for  preparing  a  pure  salt  of  glucina,  but 
it  will  not  do  for  quantitative  analysis,  because  with  chemically  pure 
zinc,  which  it  would  be  necessary  to  use  for  that  purpose,  the  pre- 
cipitation of  the  alumina  is  extremely  slow,  not  being  complete  for 
several  days. 

The  sulphate  of  glucina  and  potash  has,  according  to  Awdejew's 
analysis,  the  composition  KO  •  SO3  +  GIO  •  S03  +  2Aq.  According 
to  Berzelius's  formula  of  glucina,  this  formula  would  become 
3K0  .  SO3  +  GI2O3  .  3  SO3  +  6  Aq.,  which  does  not  agree  with  that 
of  the  alums.  Deb  ray  has  obtained  this  salt  in  the  form  of  a 
crystalline  powder,  by  adding  sulphuric  acid  to  a  concentrated  mix- 
ture of  the  two  sulphates. 

Carbonate  of  Glucina. — Debray  gives  for  this  salt  (without 
having  analysed  it)  the  formula  8  GIO  •  COg  +  SAq. ;  but  according 
to  the  analysis  of  Schaffgotsch,*  the  formula  is  5 GIO  •  COg  +  SAq. 
According  to  Weeren,t  however,  this  salt  differs  in  composition 
according  as  it  is  separated  from  solution  in  carbonate  of  ammonia 
by  boiling,  or  precipitated  from  a  salt  of  glucina  by  carbonate  of 
ammonia.  The  carbonate  obtained  by  the  latter  method  appears  to 
be  a  mixture  of  that  obtained  by  the  former  with  hydrate  of  glucina ; 
but  even  the  former  appears  to  be  of  variable  composition.  Weeren 
is  of  opinion  that  it  is  decomposed  by  boiling  water,  with  separation 
of  carbonic  acid  and  fixation  of  water.  It  does  not  give  off  carbonic 
acid  when  heated  to  100° — 110°  C.  in  a  current  of  dry  air. 


*  Pogg.  Ann.  Ivi.  lOJ  ;  also  Gmelin's  Handbook,  Tr.,  iii.  296. 
t  Ibid.  xcii.  91. 
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Carbonate  of  Glucina  and  Ammonia  is  obtained  by  boiling  a 
solution  of  glucina  in  carbonate  of  ammoniaj  and  stopping  the 
ebullition  at  the  moment  when  it  begins  to  show  turbidity.  The 
filtered  liquid,  mixed  with  alcohol  till  turbidity  appears,  deposits  the 
double  carbonate,  after  a  while,  in  transparent  colourless  crystals, 
which  are  very  soluble  in  cold  water,  but  are  easily  decomposed  by 
hot  water,  with  evolution  of  carbonate  of  ammonia.  The  salt  is  much 
less  soluble  in  dilute  alcohol,  and  nearly  insoluble  in  absolute 
alcohol.  It  is  quickly  decomposed  by  heat,  leaving  glucina  in  the 
form  of  a  crystalline  powder.  It  does  not  exhale  any  sensible  odour 
of  ammonia  at  ordinary  temperatures,  but  nevertheless  decomposes 
after  a  while,  and  loses  its  lustre. 

The  composition  of  the  salt  is  as  follows  : — 

Calculation.  Analysis. 


4G10 

...       50-4 

18-8 

19-3 

19-0 

6CO2 

...     1320 

49-0 

47-7 

48-7 

3NH4O 

...      78-0 

28-7 

28-2 

28-8 

HO 

90 

3-5 

3-3 

1-8 

8  (NH4O  .  CO2)  +  4  aiO  .  3  CO2  +  Aq       269-4         100-0  lOO'O         1000 

Carbonale  of  Glucina  and  Potash. — When  glucina  in  excess  is 
digested  for  some  time  in  a  solution  of  carbonate  of  potash,  a  liquid 
is  obtained,  which,  when  mixed  with  alcohol  till  it  begins  to  show 
turbidity,  deposits,  after  a  while,  small  crystals  of  the  double  salt. 
This  salt  dissolves  very  readily  in  cold  water,  but  is  decomposed  at  a 
boiling  heat,  the  liquid  depositing  ordinary  carbonate  of  glucina. 
It  quickly  absorbs  moisture  from  the  air,  and  is  therefore  very 
difficult  to  dry.  It  is  decomposed  by  heat  into  carbonate  of  potash, 
glucina,  carbonic  acid,  and  water.  It  is  difficult  to  prepare  this  salt 
in  the  state  of  purity ;  moreover,  it  is  obtained  only  in  small  quan- 
tities, and  not  distinctly  crystallised.  Hence  the  analysis  could  not 
be  made  in  a  very  satisfactory  manner ;  but  the  results  agreed  pretty 
well  with  the  formula  3(KO,C02)  +  4G10,3Cl2  +  Aq,  which  is  similar 
to  that  of  the  ammoniacal  carbonate. 

Oxalate  of  Glucina, — Oxalic  acid  dissolves  glucina  with  facility, 
but  without  forming  crystallised  compounds  ;  but  the  oxalate  of 
glucina  unites  with  the  oxalates  of  potash  and  ammonia,  forming 
crystalline  compounds  of  definite  form  and  very  simple  constitution. 

Oxalate  of  Gluchia  and  Potash. — Obtained  by  dissolving  car- 
bonate of  glucina  in  binoxalate  of  potash.  The  reaction  takes  place 
in  the  cold,  and  is  complete  as  soon  as  the  evolution  of  carbonic  acid 
ceases.  At  higher  temperatures  a  large  quantity  of  glucina  dissolves, 
but  the  resulting  salt  is  basic  and  uncrystallisable.  The  salt  is  white, 
and  sparingly  soluble  in  cold  water.     When  heated,  it  first  decrepi- 
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tates  with  violence,  and  then  decomposes  on  exposure  to  the  air, 
yielding  glucina  and  carbonate  of  potash  :  no  water  is  formed  by  the 
decomposition. 


Calculation.  Analysis, 


KO 

GIO 


47-2 

357 

35-7 

12-6 

9-5 

9-8 

72-0 

546 

54-5 

KO  .  C2O3  +  GIO  .  C2O3  or  C4KGIO8     131-6         100-0  100-0 

Oxalate  of  Glucina  and  Ammonia. — Prepared  by  treating  car- 
bonate of  glucina  with  binoxalate  of  ammonia.  Forms  colourless 
crystals  belonging  to  the  right  rhomboidal  prismatic  system.  It  is 
sometimes  obtained  in  tabular  crystals,  the  faces  of  which  are  rounded, 
and  do  not  admit  of  precise  measurement.  It  is  sparingly  soluble  in 
cold,  much  more  in  hot  water.  Decrepitates  with  violence  when 
heated,  and  then  decomposes.  The  quantity  of  glucina  in  the  salt 
was  determined  by  boiling  with  nitric  acid  till  all  the  oxalic  acid  was 
destroyed,  evaporating  the  resulting  nitrates  to  dryness,  and  calcining. 
The  glucina  thus  obtained  amounted  to  11 '4  per  cent,  (mean  of  three 
experiments).  The  salt  burnt  with  oxide  of  copper  gave  33  per  cent. 
HO,  and  79'45  CO2.  These  results  agree  with  the  formula 
NH4O  .  CO2+GIO  .  CO2  or  C4(NH4)G108,  which  requires 

11-4  per  cent.  GIO,  325  HO,  and  79*5  COj. 

The  result  of  this  analysis  may  also  be  used  to  determine  the  atomic 
weight  of  glucina  (admitting  the  formula) ;  for  as  the  atomic  weight 
of  carbonic  acid  is  known  to  be  22,  and  the  2  at.  C^  ^3  would  give 
4  at.  CO2,  the  atomic  weight  of  glucina  will  be  determmed  by  the 
proportion — 

79-45    :    88  =  11-4    :    w, 

which  gives  ^=12*61, — a  result  approaching  very  near  to  that 
found  by  Awdejew,  viz.  12'64. 

General  Conclusions. — From  these  researches  it  follows — 

1.  That  the  metal  glucinum  should  be  placed  side  by  side  with 
aluminium.  These  bodies,  intermediate  between  the  precious  and  the 
ordinary  metals,  such  as  iron,  are  distinguished  by  the  following 
properties : — They  are  permanent  in  the  air  at  high  as  well  as  at 
ordinary  temperatures  ;  do  not  decompose  water,  even  at  a  white 
heat ;  are  not  attacked  by  sulphur,  sulphuretted  hydrogen,  or 
the  alkaline  sulphides ;  are  not  attacked  by  strong  nitric  acid  at 
ordinary  temperatures,  and  but  slowly  even  with  the  aid  of  heat ;  but 
dissolve  readily  in  dilute  sulphuric  and  hydrochloric  acid. 

2.  Glucina  cannot  be  classed  with  alumina.  It  has  been  already 
observed  (page  242),  that  the  reasons  which  induced  Berzelius  to 
regard   glucina  as  a  sesquioxide  were  derived  from  the  resemblance  of 
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glucina  and  alumina  in  the  hydrated  state,  from  the  volatility  of  the 
chlorides,  and  from  the  interchangeability  of  the  oxides  in  minerals. 
This  last  point  has  been  completely  settled  by  Awdejew,  whose 
analyses,  as  well  as  those  of  D amour,  show  that  cymophane  from 
various  localities  has  always  the  same  composition.  The  analyses  of 
the  emerald  likewise  show  that  no  such  substitution  takes  place 
in  that  mineral.  With  regard  to  the  hydrates,  it  is  true  that  alumina 
and  glucina  are  precipitated  under  the  same  circumstances,  and  with 
the  same  aspect ;  but  there  the  resemblance  ends.  Glucina,  when 
dried  in  the  air,  absorbs  carbonic  acid,  with  which  it  forms  a 
carbonate.  The  existence  of  a  definitely  crystallised  double  carbonate 
of  ammonia  and  glucina  constitutes  another  important  difference 
between  that  earth  and  alumina.  The  identity  of  form  between 
glucina  and  alumina  in  the  crystallised  state  is  merely  an  isolated 
fact,  which  would  be  important  if  the  two  oxides  possessed  similar 
chemical  properties,  but  not  otherwise.  Now  these  oxides  differ  both 
in  their  behaviour  when  heated,  and  in  their  reactions  with  more  basic 
oxides.  Glucina  volatilises  like  magnesia  without  melting,  whereas 
alumina  fuses  under  the  same  circumstances.  Glucina  cannot  be 
fused  with  lime  like  alumina  :  to  enable  the  fusion  to  take  place,  the 
presence  of  another  body  is  required  to  play  the  part  of  an  acid, — 
such  as  silica  or  alumina.  In  this  respect,  again,  glucina  resembles 
magnesia. 

Chloride  of  glucinum  exhibits  at  first  sight  considerable  resemblance 
to  chloride  of  aluminium,  but  a  closer  examination  shows  that  the 
resemblance  does  not  go  far.  Chloride  of  glucinum  is  less  volatile 
than  chloride  of  aluminium  :  thus,  when  a  mixture  of  finely-pounded 
emerald  and  charcoal,  made  into  a  paste  with  oil,  is  calcined  in 
a  crucible,  then  powdered  and  heated  in  a  porcelain  tube  through 
which  chlorine  gas  is  passed,  chloride  of  glucinum  and  chloride 
of  aluminium  are  formed  together  ;  but  the  chloride  of  glucinum 
passes  over  first,  and  may  be  separately  condensed.  Chloride  of 
glucinum,  in  fact,  approaches  in  volatility  more  nearly  to  proto- 
chloride  of  iron  than  to  chloride  of  aluminium  :  it  is  about  as  volatile 
as  chloride  of  zinc.  Chloride  of  aluminium  unites  with  the  alkaline 
chlorides,  forming  compounds  which  may  be  called  spinelles,  and  are 
represented  by  the  general  formula — MCI  +  AI2CI3  (Deville);  but 
chloride  of  glucinum  does  not  form  any  similar  compounds. 

Another  argument  in  favour  of  the  formula  GIO  is  derived  from 
the  greater  simplicity  of  the  formulae  which  it  gives  for  the  salts  of 
glucina  :  thus,  if  glueina  were  regarded  as  GI2O3,  the  formula  of  car- 
bonate of  glucina  and  potash  would  be  3(K0  •  CO2)  +  GI2O3  •  3CO2  ; 
and  that  of  the  oxalate  of  glucina  and  ammonia — 

9(1X11^0  .  C2O3)  +  (4GI2O3  .  9C2O3)  +  3H0. 

It  must,  however,  be  remembered  that  glucina  does  not  exhibit  any 
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very  close  analogy  to  the  class  of  protoxides.  It  is  not  isomorphous 
with  lime  or  magnesia.  Cymophane  may  be  represented  by  the 
general  formula  of  the  spinelles — G10,Al203  ;  but  the  dissimilarity  of 
its  crystalline  form  prevents  it  from  being  included  in  that  class  of 
minerals.  The  emerald,  also^  differs  completely  in  crystalline  form 
from  the  generality  of  silicates  of  the  same  composition,  whose  general 
formula  is — MO  •  SiOy  +  M'gOgjSSiOg.  Neither  is  there  any  greater 
analogy  between  the  double  sulphates,  carbonates,  and  oxalates  of 
glucina,  and  those  of  lime  or  magnesia.  On  the  whole,  glucina 
appears  to  be  intermediate  in  its  properties  between  the  protoxides 
and  sesquioxides. 


On  some  Salts  of  Cadmium.^ 

By  Carl  von  Hauer. 

1.  Sulphate  of  Cadmium^  CdO  •  SO3  +  HO. — When  caduiium  or  oxide 
of  cadmium  is  dissolved  in  an  excess  of  dilute  sulphuric  acid,  and  the 
solution  is  concentrated  by  boiling,  a  salt  is  obtained  which  separates 
in  verrucose  crystals.  The  salt  crystallises  immediately  on  the  cooling 
of  the  solution,  and  corresponds  in  its  constitution  with  the  sulphate 
of  cadmium  with  1  atom  of  water  obtained  by  Kiihn. 

As  the  solution  of  the  metallic  cadmium  in  sulphuric  acid  only 
takes  place  slowly,  even  with  the  aid  of  heat,  it  is  advisable  to  add  a 
little  nitric  acid  occasionally,  in  order  to  facilitate  the  oxidation. 
This  salt  is  also  obtained  when  concentrated  sulphuric  acid  is  added 
to  a  boiling  saturated  solution  of  sulphate  of  cadmium  ;  it  is  imme- 
diately thrown  down  in  the  form  of  a  fine  crystalline  powder,  and  may 
be  almost  entirely  freed  from  the  adhering  sulphuric  acid  by  pressure 
between  blotting-paper.  The  salt,  prepared  in  three  different  man- 
ners, gave  the  following  results  on  analysis  : — 

Calculated.  Found. 


CdO  ...  64  56-63  5663  56-70  56*56 
SO3  .  .  .  40  35-39  35-39  3545  35-54 
HO  .  .  .   9     7-98      7-98    7-85     7-90 


110   10000     100-00   100-00   100-00 

The  salt  does  not  effloresce  in  the  air.  At  100°  C.  the  loss  was  7-85 
and  7*90  per  cent,  in  two  experiments,  so  that  the  salt  loses  the  whole 
of  its  water  of  crystallisation  at  this  temperature,  and  leaves  dry  sul- 

*  Wien.  Akad.  Ber.  xv.  23. 
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phate  of  cadmium.     At  a  red  heat  it  gives  off  sulphuric  acid,  and  leaves 
sesquisulphate  of  cadmium. 

2.  Sulphate  of  Cadmium,  3(CdO  •  803)+ 8H0,  was  obtained 
by  the  spontaneous  evaporation  of  a  saturated  solution.  The 
crystals  were  determined  by  Rammelsberg,  who  found  that  their 
form  was  exactly  that  of  Stromeyer's  salt,  CdO,S03H-4HO.  This 
salt  is  perfectly  stable  in  the  air.  'At  lOO'^  C.  it  loses  11-78  to  11-84 
per  cent.,  or  nearly  3  atoms  of  water ;  it  is  then  perfectly  opaque.  At 
a  slight  red  heat  the  remainder  of  the  water  is  driven  off,  without  any 
loss  of  sulphuric  acid ;  at  a  stronger  red  heat,  half  the  sulphuric  acid 
is  expelled,  and  there  remains  sesquisulphate  of  cadmium.  By  long- 
continued  calcination  a  portion  of  the  remaining  sulphuric  acid  is 
driven  off;  the  mass  is  partially  fused,  and  appears  brown  from  the 
production  of  free  oxide. 

The  saturated  watery  solution  of  sulphate  of  cadmium  boils  at 
102°  C.  At  23°,  1  part  of  water  dissolves  0-59  part  of  anhydrous 
sulphate  of  cadmium.  Its  solubility  in  hot  water  is  not  much  greater. 
The  author's  analysis  led  to  the  above  formula : — 

Calculated.  Found. 


3CdO      .     .     192         5000  49-75         49-68         49-20 

3SO3       .     .     120         31-25  31-35         31-27         31-94 

8H0       .     .       72         18-75  18-90         19-05         18-86 


384       100-00  100-00       100-00       100-00 

Sulphate  of  cadmium  dissolves  in  large  quantity  in  concentrated 
ammonia,  with  evolution  of  heat.  When  the  solution  is  diluted  with 
water,  a  partial  precipitation  of  hydrated  oxide  of  cadmium  takes 
place.  The  solution  of  sulphate  of  cadmium  in  ammonia  is  not  im- 
mediately precipitated  by  carbonate  of  ammonia^  but  precipitation  takes 
place  on  the  application  of  heat.  If  the  solution  in  caustic  ammonia 
be  evaporated,  it  becomes  covered  with  a  film,  and  an  uncrystallisable 
mass  is  deposited,  which  dissolves  but  sparingly  in  water.  This  takes 
place  during  the  spontaneous  evaporation  of  the  fluid,  but  then  requires 
a  long  time.  A  cold  saturated  solution  of  sulphate  of  cadmium  is  not 
precipitated  by  alcohol.  A  thick  oily  fluid  settles  to  the  bottom  of 
the  vessel,  and  the  supernatant  fluid  is  at  first  a  little  turbid,  but 
soon  becomes  clear  ;  after  a  time  some  rather  large  crystals  are 
formed  at  the  bottom  of  the  vessel,  which  appeared,  both  from  mea- 
surement and  analysis,  to  be  the  salt  3(CdO,  SO3)  +  8H0. 

3.  Nitrate  of  Cadmium,  CdO,  NO5  +  4HO,  is  obtained  by  dis~ 
solving  carbonate  of  cadmium  in  dilute  nitric  acid,  evaporating  the 
solution,  and  leaving  it  to  cool.  As  the  salt  is  very  soluble,  crystal- 
lisation only  takes  place  when  the  fluid  is  much  concentrated.  It 
crystallises,  as  stated  by  Stromeyer,  in  acicular  and  columnar  crys- 
tals united  in  a  radiate  form.      It  deliquesces  in  the  air,  as  stated  by 


253  HAUER  ON 

Meissner.     At  212°  F.  it  melts  in  its  water  of  crystallisation.     The 
analysis  of  the  air-dried  salt  gave — 

Calculated.        Stromeyer.      Hauer. 

CdO    ...     64.         41-56  42-15         40-78 

NOg    ...     54         35-07  3578         3441 

4H0      .     .     .36         28-37  2207         24-81 

154       100-00  10000       100-00 

4.  Ammonio- chloride  of  Cadmium. — According  to  Croft,  dry 
chloride  of  cadmium  absorbs  3  atoms  of  ammonia.  The  compound 
thus  formed,  which  has  the  formula  3H3N  •  CdCl,  gives  off  ammonia 
in  the  air  until  it  becomes  inodorous.  The  loss  of  ammonia  amounts 
to  2  atoms,  so  that  there  remains  a  compound  of  the  formula  H3N  + 
CdCl.  A  compound  similar  to  this,  and  also  containing  only  1  atom 
of  ammonia,  may  be  obtained,  according  to  Croft,  by  dissolving 
chloride  of  cadmium  in  heated  liquid  ammonia,  and  leaving  the  solur 
tion  to  cool,  when  the  compound  is  deposited  in  crystalline  grains. 
The  loss  of  weight  on  heating  was  16-63  per  cent.  H3N. 

By  the  addition  of  hydrochloric  acid  to  a  solution  of  chloride  of  cad- 
mium in  ammonia,  Schiller  obtained  a  fine  crystalline  powder,  the 
constitution  of  which  he  found  to  be  ;3H3N  •  CdCl :  he  states  that 
this  is  the  same  salt  that  is  obtained  by  the  spontaneous  evaporation 
of  a  solution  of  chloride  of  cadmium  in  ammonia.  By  this  process 
the  author  has  obtained  a  salt  with  only  1  atom  of  ammonia,  which  is 
consequently  the  same  as  that  described  by  Croft, — a  proof  that  this 
compound  loses  2  atoms  of  ammonia  just  as  quickly  as  that  which  is 
produced  by  passing  ammoniacal  gas  over  chloride  of  calcium.  This 
loss  of  ammonia  must  take  place  during  drpng.  For  analysis,  the 
salt  was  dried  between  blotting-paper.     It  gave — 


Calculated. 

Found. 

H3N.   . 

.     17 

15-68 

16-15 

Cd     .     . 

.     56 

51-66 

51-64 

CI     .     . 

.     35-4 

32-65 

32-21 

108-4  10000  100-00 

If  hot  liquid  ammonia  be  used  in  the  preparation  of  this  com- 
pound, a  little  precipitated  hydrated  oxide  mixes  with  it  during  cool- 
ing ;  it  is  therefore  better  to  mix  ammonia  with  a  cold  aqueous  solu- 
tion of  chloride  of  cadmium,  until  the  precipitate  which  is  formed  at 
first  is  again  dissolved,  leaving  the  solution  to  evaporate  spontaneously, 
when  crystalline  crusts  are  deposited.     It  is  nearly  insoluble  in  water. 

When  carbonate  of  cadmium,  or  the  anhydrous  or  hydrated  oxide, 
is  treated  with  an  aqueous  solution  of  sal-ammonia,  it  dissolves  in  con- 
siderable quantity  with  evolution  of  ammonia.     The  filtered  solution 
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yields  crystalline  crusts  on  evaporation  ;  but  these  differ  very  con- 
siderably in  the  proportion  of  chloride  of  cadmium  and  chloride  of 
ammonium,  according  to  the  length  of  the  reaction.  But  if  one  of 
the  above  compounds  be  boiled  for  a  long  time  with  sal-ammoniac, 
then  filtered  and  left  to  cool,  anhydrous  crystallised  chloride 
of  cadmium  and  ammonium  is  deposited,  having  the  composition 
2H4NCl  +  CdCl. 

5.  Chloride  of  Cadmium  and  Ammonium. — Croft  has  prepared 
two  salts  of  chloride  of  cadmium  and  ammonium,  which,  according  to 
the  author,  have  the  following  formulse  : — 

a.  NH4CI.  2CdCl  +  H0. 

b.  2NH4CI  .  CdCl. 

6.  Chloride  of  Cadmium  and  Potassium  forms  two  salts  of  exactly 
similar  composition  to  the  two  preceding  : — 

a.  KCl  +  2CdCl  +  H0. — This  salt  is  produced  when  equivalents  of 
the  two  constituents  are  dissolved  together  and  left  to  spontaneous 
evaporation  ;  it  forms  silky  needles  united  in  tufts.  The  salt  is  very 
soluble ;  when  dried  over  sulphuric  acid,  it  partially  loses  its  water 
of  crystallisation,  and  this  water  is  entirely  driven  off  at  100°  C. ;  in 
either  case  the  salt  becomes  opaque.  It  undergoes  no  change  at  the 
ordinary  temperature  of  a  room.  When  strongly  heated,  it  melts 
readily,  but  loses  a  part  of  its  chlorine,  and  is  then  no  longer  soluble 
in  water.  When  dissolved  in  water,  it  crystallises  again  unchanged 
from  the  solution.     Its  analysis  gave — 


Calculated. 

Found. 

K    .     . 

39-2 

14-71 

13-93 

2Cd  .     . 

lU 

42-04 

42-55 

3C1    .     . 

106-2 

39-86 

49-24 

HO.     . 

9 

337 

4-58 

266-4  100-00  100-00 

b.  2KC1  •  CdCl. — When  the  salt  a  has  been  removed  from  its 
mother-liquor,  the  latter  furnishes,  on  further  spontaneous  evapora- 
tion, large  limpid  crystals,  similar  to  those  of  nitrate  of  soda,  and 
constituted  according  to  the  formula  2KC1  •  CdCl.  This  salt  is 
remarkable  for  its  great  facility  of  crystallisation  :  whilst  the  corres- 
ponding ammoniacal  double  salt  is  generally  obtained  in  scalariform 
groups  of  dull  crystals,  the  potash-salt  shoots  out  readily  on  all  sides 
into  perfectly  formed  transparent  crystals,  with  brilliantly  shining 
faces.  This  salt  can*  be  obtained  directly  only  by  mixing  aqueous 
solutions  of  at  least  3  atoms  of  chloride  of  potassium  with  1  atom  of 
chloride  of  cadmium,  and  leaving  the  mixture  to  crystallise. 

This  salt  is  rather  less  soluble  in  water  than  the  preceding.  If 
the  aqueous  solution  be  left  to  spontaneous  evaporation,  the  salt  a 
first  of  all  crystallises  again  from  it.     It  melts  when  strongly  heated. 
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and  then  behaves  like  the  preceding  potassium-salt.  It  undergoes  no 
change  in  the  air.  The  two  salts  2H4NCl  +  CdCl  and  2KC1  +CdCl 
are  isomorphous.     The  analysis  of  the  potassium-salt  gave — 


Calculated. 

Found. 

2K    .     . 

78-4 

32-58 

32-72 

Cd  .     . 

56 

23-28 

23-66 

3C1   .     . 

106-2 

44-14 

43-62 

240-6  100-00  100-00 

7.  Chloride  of  Cadmium  and  Sodium,  NaCl  •  CdCl  +  3H0  (air- 
dried). — A  solution  containing  equivalents  of  chloride  of  cadmium 
and  chloride  of  sodium,  concentrated  by  heat,  soon  deposits 
this  double  salt ;  it  consists  of  small,  dull,  verrucose  crystals,  which 
are  constituted  according  to  the  above  formula,  as  stated  by  Croft. 
When  dried  at  100°  C,  it  loses  12-30  per  cent.  =  2  atoms  water  ;  the 
third  atom  is  only  expelled  between  150°  and  160°  C.  From  this  it 
would  appear  that  the  salt  has  2  atoms  of  water  of  crystallisation  and 
1  atom  of  constitution-water,  the  latter  being  more  obstinately 
retained.  The  salt  may  consequently  be  regarded  as  a  hydrated  com- 
pound of  chloride  of  sodium  with  hydrochlorate  of  cadmicoxid,  the 
formula  of  which  would  be  (NaCl  +  CdO  •  HC1)+2H0;  and  the 
salt  dried  at  212°  F.,  after  losing  its  water  of  crystallisation,  would  have 
the  formula  NaCl  +  CdO  •  HCl.  When  heated,  it  melts,  and  behaves 
like  the  potassium-salts.     It  undergoes  no  change  in  the  air. 

8.  Chloride  of  Cadmium  and  Barium,  BaCl  •  CdCl  +  4H0. — If 
aqueous  solutions  of  chloride  of  barium  and  chloride  of  cadmium 
be  mixed,  and  left  to  evaporate  spontaneously,  a  salt  is  pro- 
duced when  the  chloride  of  barium  is  in  excess,  which  forms  small 
crystals,  is  difficult  of  solution  in  water,  and  appears  to  contain  an 
indeterminate  proportion  of  chloride  of  cadmium.  When  this  has 
been  removed,  the  mother-liquor  furnishes  large  well-formed  crystals, 
which  are  sometimes  transparent  when  small,  but  lose  their  trans- 
parency as  they  grow  larger,  although  their  faces  exhibit  a  brilliant 
lustre.  By  placing  these  crystals  in  recently  saturated  liquor,  they 
may  be  obtained  in  the  course  of  a  few  weeks  more  than  an  inch  in 
length.  When  solutions  of  equivalents  of  the  two  salts  are  mixed, 
the  salt  is  obtained  directly.  It  is  produced  in  the  same  way  by 
spontaneous  evaporation  and  by  heat.     Analysis : — 


Calculated. 

Found. 

Ba     .     . 

.     68-6 

29-64 

29-62 

Cd     .     . 

.     56 

24-20 

24-17 

CI     .     . 

.     70-8 

30-59 

30-56 

HO   .     . 

.     36 

15-5H 

15-65 

231-4  10000  10000 
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The  salt  is  perfectly  stable  in  the  air,  dissolves  readily  in  water,  and 
crystallises  unchanged  from  the  solution.  The  above  analysis  is  of 
the  air-dried  salt.  At  100°  C.  it  loses  8*82  per  cent,  or  2  atoms  of 
water ;  the  other  2  atoms  are  only  expelled  at  160°  C. ;  it  has  then  a 
porcelain-like  appearance.  Judging  from  this  behaviour  of  the  water, 
the  constitution  of  the  salt  might  be  more  exactly  expressed  by  the 
formula  (BaO  •  HCl  +  HO)  +  (CdO  •  HCl+HO),  as  it  indicates  more 
distinctly  the  part  which  the  water  plays  in  it ;  it  is  a  simple  com- 
pound of  hydrated  hydrochlorate  of  baryta  and  hydrated  hydrochlorate 
of  cadmic  oxide.  The  composition  of  the  salt  dried  at  100°  C,  at 
which  temperature  it  loses  its  water  of  crystallisation,  is  consequently 
(BaO  •  HCl)  +  (CdO  •  HCl);  andwhendriedat  160°  F.,  when  its  con- 
stitutional water  is  expelled,  BaCl  +  CdCl.  When  heated  to  redness, 
it  fuses  after  loss  of  water,  forming  a  clear  colourless  fluid,  which 
on  cooling  is  not  crystalline,  and  has  an  enamel-like  appearance.  The 
fused  mass  is  no  longer  perfectly  soluble  in  water ;  it  has  therefore 
probably  lost  a  part  of  its  chlorine. 

9.  Bromide  of  Cadmium  and  Bromide  of  Potassium  form  the  same 
salts  as  chloride  of  ammonium  and  chloride  of  cadmium,  namely — 

a.  KBr  •  2CdBr  +  H0;  and 

b.  2  (KBr)  •  CdBr,  which  is  deposited  from  the  mother-liquor  of 
the  preceding.  They  are  isomorphoiis  with  the  above-described 
chlorides. 

The  bromide  of  cadmium  employed  in  the  preparation  of  these  two 
salts  was  obtained  by  bringing  metallic  cadmium  in  contact  with  bro- 
mine and  water.  In  the  distillation  of  oxide  of  cadmium  with  char- 
coal for  the  preparation  of  the  metal,  the  latter  is  obtained  not  only 
in  large  globules,  but  also  in  a  finely  divided  state,  of  a  greyish  colour, 
very  similar  to  platinum-black.  In  this  form  the  metal  is  best  fitted 
for  combining  with  bromine  :  the  combination  is  efi'ected  in  a  short  time, 
and  with  a  considerable  evolution  of  heat.  As  by  this  means,  even 
when  a  large  quantity  of  water  is  present,  a  considerable  quantity  of 
the  bromine  is  expelled  in  the  form  of  vapour,  it  is  advisable  to  bring 
the  two  substances  in  contact  in  a  closed  flask,  and  to  put  this  into 
cold  water  if  the  heat  be  too  great.  The  solution,  which  is  at  first 
red,  soon  becomes  perfectly  colourless,  as  the  combination  goes  on  very 
rapidly. 

10.  Sulphate  of  Cadmium  and  Ammonium. — This  salt,  which  was 
first  prepared  by  Mitscherlich,  is  readily  obtained  in  large  well- 
formed  crystals,  by  the  spontaneous  evaporation  of  a  solution  con- 
taining the  two  salts  in  equivalent  proportions.  The  crystals  undergo 
no  change  in  the  air,  and  possess  a  peculiar  fatty  lustre,  and  are  fatty 
to  the  touch ;  they  are  only  transparent  when  small,  larger  crystals 
being  always  opaque.  The  composition  of  the  salt  agrees  with  the 
general  formula  of  the  numerous  salts  belonging  to  this  series, — 

NH4O     .     SOg-fCdO     .     SO3  +  6HO; 
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but  to  obtain  this  quantity  of  water,  the  drying  must  be  very  carefully 
conducted.  If  large  crystals  are  analysed,  without  drying  them  in  a 
pounded  state,  a  quantity  of  water  is  obtained  much  greater  than  that 
which  is  required  by  the  above  formula,  even  though  the  crystals  may 
have  been  long  in  drying  ;  for  they  always  contain  water  mechanically, 
and  retain  it  very  obstinately.     Analysis  : — 

Calculated.  Fouvid. 

NHg  ...  17  7-59  7-66 

CdO  ...  64  28-57  28-50 

2SO3  ...  80  35-71  35-85 

7H0  ...  63  28-12  27-99 

224  100-00  10000 

The  salt  cannot  be  dried  over  sulphuric  acid,  as  it  effloresces.  When 
dried  at  212°,  it  loses  26-60  per  cent,  or  6  atoms  of  water;  the  last 
atom,  which  is  united  with  the  ammonia,  is  only  driven  off  by  a  higher 
temperature,  simultaneously  with  sulphate  of  ammonia.  If  the  salt 
be  directly  exposed  to  a  high  temperature,  it  swells  up,  and  melts  par- 
tially in  the  w^ater  of  crystallisation,  and  the  sulphate  of  ammonia  is 
completely  driven  off  together  with  the  water;  sulphuric  acid  is  after- 
wards expelled,  and  the  residue  consists  of  sesquisulphate  of  cadmium. 
The  salt  may  be  recrystallised  without  alteration  by  dissolving  it  in  a 
small  quantity  of  water. 

1 1 .  Sulphate  of  Cadmium  and  Potassium,,  KO  •  SO3  H-  CdO  •  SO3 
4-  6H0. — This  salt  is  obtained  with  difficulty,  as  the  sulphate  of  potash, 
which  is  less  soluble,  has  a  greater  tendency  to  crystallise.  It  is  best 
prepared  by  saturating  a  solution  of  bisulphateof  potash  with  carbonate 
of  cadmium,  adding  a  little  sulphuric  acid,  and  leaving  the  solution 
to  spontaneous  evaporation.  It  could  not  be  obtained  pure  by  con- 
centrating the  solution  by  heat  and  leaving  it  to  cool.  Even  the 
formed  crystals  are  decomposed  when  the  temperature  ot  the  mother- 
liquor  changes  a  little.  It  is  scarcely  possible  to  obtain  large  crystals 
in  a  state  of  purity,  as  they  are  generally  covered  with  small  crystals 
of  sulphate  of  potash.  In  its  crystalline  form  and  constitution  the 
salt  resembles  the  preceding.  When  the  crystals  are  taken  out  of  the 
mother-liquor,  they  exhibit  beautifully  shining  faces,  but  soon  become 
dull ;  the  efflorescence  goes  on  so  rapidly  that  it  is  difficult  to  get  the 
salt  for  analysis  with  its  whole  6  atoms  of  water,  unless  it  is  employed 
with  the  mother-liquor  adhering  to  it.     Analysis  : — 

Calculated.  Found. 


KO   .     . 

.     47-2 

19-25 

20-23 

CdO  .     . 

.     64 

26-10 

26-54 

2SO3  .     . 

.     80 

3262 

33-73 

GIIO   .     . 

.     54 

19-50 

19-50 

245.2  100-00  100-00 
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If  the  salt  has  been  kept  for  a  few  hours  in  a  heated  room,  only  4 
or  5  atoms,  or  even  less  water,  will  be  found. 

12.  Sulphate  of  Cadmium  and  Sodium  is  obtained  by  mixing  the 
two  salts  in  equivalent  proportions.  The  crystallisation  takes  place  with 
difficulty,  and  only  when  the  solution  is  much  concentrated.  The  salt 
forms  small  verrucose  crystals,  like  those  of  sulphate  of  cadmium  with 
1  atom  of  water.  In  the  air-dried  state  it  contains  2  atoms  of  water, 
and  is  consequently  composed  according  to  the  formula  NaO  •  S0o4- 
CdO  .  SO3  -f  2H0.     Analysis  :— 


Calculated. 

Found. 

NaO     .     , 

.     .     31 

1606 

16-37 

CdO     . 

.     .     64 

33-16 

32-71 

2SO3      . 

.     .     80 

41-45 

41-57 

2H0      . 

.     .     18 

932 

9-35 

103  100-00  100-00 

This  salt  appears  to  be  obtained  with  less  difficulty  when  a  slight 
excess  of  acid  is  present. 


On  the  Preparation  of  the  Sulphochlorlde  of  Mercury  in  the  Dry  Way.* 

By  R.   Schneider. 

H.  Rose  has  long  since  shown  that  the  white  precipitate  formed 
during  the  first  period  of  decomposition  by  passing  sulphuretted 
hydrogen  gas  into  a  solution  of  mercuric  chloride,  is  a  compound 
of  chloride  and  sulphide  of  mercury  in  such  proportions  as  to  be  ex- 
pressed by  the  formula  HgCl  •  2HgS.  According  to  H.  Rose,  the 
same  compound  may  be  obtained  by  boiling  moist  black  sulphide  of 
mercury  with  an  excess  of  a  solution  of  mercuric  chloride.  When 
prepared  by  either  of  these  methods,  it  has  the  appearance  of  a  white 
amorphous  powder,  which  is  insoluble  in  boiling  water  and  simple 
acids,  but  is  readily  decomposed  by  nitrohydrochloric  acid  or  potash, 
in  the  latter  case  leaving  a  residue  of  black  oxysulphide  of  mercury. 

This  compound  may  also  be  obtained  with  ease  and  certainty  in  the 
dry  way,  by  enclosing  sulphide  of  mercury  (either  black  or  red)  with 
an  excess  of  mercuric  chloride  in  closed  glass  tubes,  when,  on  the 
application  of  heat,  the  sulphide  of  mercury  dissolves  in  the  fusing 
chloride,  forming  a  yellowish-brown  fluid,  which,  on  cooling,  solidifies 
into  a  pearl-grey,  enamel-like  mass,  a  mixture  of  mercuric  chloride 

*  Pogg.  Ann.  xcv.  167. 
VOL.  VIII. — NO.  XXXI.  S 
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and  sulphochloride.  The  operation  is  best  performed  by  means  of  a 
Berzelius  lamp,  at  about  662°  to  752°  F. ;  and  if  the  tubes  are  formed 
of  strong  hard  glass,  and  well  closed  at  the  ends,  it  generally  goes  on 
without  any  disturbance.  The  mercuric  chloride  must  be  employed 
in  considerable  excess  if  the  sulphide  is  to  be  completely  dissolved ; 
the  quantity  should  be  about  8  to  10  parts  of  the  chloride  to  1  of 
sulphide  (cinnabar) ;  if  less  of  the  former  be  used,  the  cinnabar 
is  certainly  converted  into  sulphochloride,  but  a  portion  of  the  latter 
remains  undissolved  as  a  white  powder.  The  excess  of  mercuric 
chloride  may  be  completely  extracted  from  the  solid  mass  by  treat- 
ment with  boiling  water ;  the  sulphochloride  then  remains  in  the 
form  of  a  dingy  white,  distinctly  crystalline  powder.  Its  analysis 
gave — 

Found.  Calculated. 

Hg 81-26  81-52 

S —  8-57 

CI 9-68  9-91 

In  its  properties  and  chemical  behaviour,  the  compound  prepared 
in  the  dry  way  nearly  agrees  with  that  obtained  in  the  humid  way. 
It  is,  however,  essentially  distinguished  from  it  by  its  crystalline  form, 
and  also  by  the  circumstance  that  when  agitated  in  water  it  rapidly 
sinks  to  the  bottom,  and  may  be  very  easily  washed  upon  the  filter, 
w^hilst  that  which  is  prepared  in  the  humid  way  remains  long  sus- 
pended in  the  fluid,  and  causes  difficulties  in  filtration  from  producing 
turbidity  in  the  filtrate. 


On  an  easy  Method  of  Purifying  Sulphuric  Acid  from  Arsenic."^ 

By  A.   Buchner. 

Arsenious  ACID,  as  is  well  known,  is  easily  changed  by  the  action  of 
hydrochloric  acid  into  the  much  more  volatile  chloride  of  arsenic.  If 
arsenious  acid  be  dissolved  in  hydrochloric  acid,  or  if  a  liquid  containing 
arsenious  acid  be  mixed  with  hydrochloric  acid,  and  then  a  sufficient 
quantity  of  concentrated  sulphuric  acid  be  added,  chloride  of  arsenic, 
as  Liebig  has  shown,  will  separate  out  in  oily  drops,  and  as  such  may 
be  distilled  off.  Chloride  of  arsenic  boils  at  ]  32°  C,  and  volatilises 
with  hydrochloric  acid  vapour  much  under  its  boiling  point,  while 
concentrated  sulphuric  acid  boils  at  325°  to  327°  C. 

I  am  not  aware  whether  these  facts  have  been  made  available  for  puri- 
fying sulphuric  acid  from  arsenious  acid,t  but  experiments  have  shown 

*  Ann.  Ch.  Pharm.  xciv.  241. 

t  J.  Lowe  recommended,  for  the  purification  of  sulphuric  acid  from  arsenious 
acid,  the  addition  of  finelv-powdcrcd  chloride  of  sodium  to  the  hot  acid  (Chcm,  Q-az. 
xii.  464). 
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me  that  they  form  the  basis  for  sucha  method  of  purification.  In  fact, 
if  sulphuric  acid  containing  arsenic  be  mixed  with  a  little  hydrochloric 
acid,  and  warmed, — or  better,  if  a  moderate  stream  of  hydrochloric  acid 
gas  be  passed  through  the  heated  sulphuric  acid, — all  the  arsenic  is 
rapidly  removed  as  chloride  of  arsenic.  I  have  purposely  dissolved  a 
large  quantity  of  arsenious  acid  in  sulphuric  acid,  and  then  treated  it 
in  this  manner.  Soon  the  arsenic  was  so  perfectly  removed,  that 
Marshes  apparatus  gave  no  trace  of  arsenic  even  after  sometime. 
After  passing  the  hydrochloric  acid  through  the  liquid,  the  heat 
may  be  continued  for  a  little  time,  in  order  to  drive  off  every  trace  of 
hydrochloric  acid,  if  necessary. 

I  consider  this  process  the  only  possible  one  for  preparing  sulphuric 
acid  pure  for  chemico-legal  investigations.  It  is  known  that  sulphuric 
acid  cannot  be  freed  from  arsenious  acid  by  rectification,  because  their 
boiling  points  are  too  near,  and  because  the  sulphuric  acid  is  the  more 
volatile  of  the  two ;  and  the  precipitation  of  the  arsenious  acid  out 
of  sulphuric  acid  by  sulphuretted  hydrogen  is  too  unpleasant,  and  takes 
too  much  time. 

This  process  offers  also  the  advantage,  that  any  nitrous  acid  which 
may  be  present  is  removed  in  the  form  of  chloride  of  nitric  oxide. 


On  the  Mellonides.^ 
By  J.  Liebigr. 

An  examination  of  the  mellonides  has  led  me  to  an  incontestable  proof 
that  the  radical  of  those  compounds  contains  no  trace  of  hydrogen. 

The  composition  of  hydromellonic  acid  is  expressed  by  the  formula 
CigNigHg.  This  compound  should  be  a  tribasic  acid,  capable  of 
forming  with  potassium  three  distinct  compounds,  the  constitution  of 
which  may  be  expressed  by  the  formulae — 

CjgNia     Kg 

C.    N     (2 

^18^13  I  JJ^ 

The  composition  of  the  mellonide  of  silver  would  be  expressed  by 
CigNigAgg.  If  hydromellonic  acid  be  compared  with  some  compounds 
of  the  same  group,  it  may  be  considered  as  constituted  in  the  following 
manner  : — 

*  Compt.  rend,  x],  1077. 
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The  following  products  might  then  be  connected  with  this  compound; 
namely — 

Melam  0^2  Ng-f-SNHg 

Melamine Cg  N4H-2NH3 

Ammeline C6N4  +  2NH3  +  2HO 

Ammelide 2(C6  Nj  +  NHg  +  GHO 

Cyameluric  acid     .     .     .  C12N7O3  +  3H0. 

If  an  excess  of  potash  is  made  to  act  upon  mellonide  of  potassium 
with  the  aid  of  heat,  this  compound  is  decomposed  by  the  inter- 
vention of  18  molecules  of  water,  forming  ammonia,  ammelide,  and 
cyameluric  acid,  as  shown  in  the  following  equation  : — 

2(Ci8Ni3K3)  4  18H0  =  CiaNgH^O^  +  2(Ci2N703,  3K0)  +  3NH3. 

Mellonide  of  Ammelide.  Cyamelurate  of  potash, 

potassium. 

By  continuing  the  action  of  the  potash,  the  ammelide  fixes  the 
elements  of  2  molecules  of  water,  and  loses  1  molecule  of  ammonia, 
becoming  converted  into  the  compound,  the  formation  of  which,  by  the 
action  of  a  proper  degree  of  heat  upon  urea,  has  already  been  signalised 
by  Wo  hi  er  and  myself.     Thus — 


C12N9H9O6  +  2HO-NH3  =  Ci2N8H80g, 

pound  is  finally  converted  into  cyanuri 
of  the  potash.     Thus — 

CisNgHgOg  +  4H0  =  2(C6N303  •  3H0)  +  2NH3. 


The  latter  compound  is  finally  converted  into  cyanuric  acid  by  the 
prolonged  action  of  the  potash.     Thus — 


On  some  Compounds  of  Stibethyliuni.^ 

By  R.   Lowlg. 

Iodide  of  Stibethylium,  SbAe^l  +  SHO. — This  body  is  formed 
when  stibethyl  and  iodide  of  ethyl  are  allowed  to  act  upon  each 
other.  The  two  fluids  mix  together,  but  only  act  upon  each  other 
slowly.  When  enclosed  by  fusion  in  a  glass  tube,  and  heated  to 
100°  C,  the  combination  takes  place  very  rapidly,  and  much  heat  is 
suddenly  set  free.  The  best  mode  of  obtaining  it  is  by  mixing  equal 
parts  of  stibethyl  and  iodide  of  ethyl,  putting  the  mixture  into  a 
retort  filled  with  carbonic  acid,  nearly  filling  this  with  water,  and 
closing  it  by  fusion.  The  retort  is  then  laid  in  boiling  water,  where- 
upon the  combination  takes  place  in  two  or  three  hours.    The  solution 

*  J.  pr.  Chem.  Ixiv.  415, 
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is  allowed  to  cool  and  evaporate  on  the  water-bath,  during  which  pro- 
cess it  acquires  a  somewhat  yellow  colour,  which,  however,  may  be 
removed  by  the  addition  of  a  few  drops  of  ammonia. 

Properties. — Iodide  of  stibethylium  crystallises  in  beautiful  hexa- 
gonal prisms,  often  an  inch  in  length,  or  in  small  pointed  crystals, 
which  acquire  a  yellowish  colour  in  the  air.  It  has  a  very  bitter 
taste.  19*02  parts  of  it  dissolve  in  100  parts  of  water  at  20^  C. ;  it 
dissolves  more  easily  in  absolute  alcohol,  but  in  aether  with  more 
difficulty  than  in  water.  The  analyses  (a)  are  of  the  hydrated,  and 
[b)  of  the  anhydrous  salts  : — 


Calculated. 

Fo] 

Lind. 

Calculated. 

Foi 

and. 

"(^ 

^^^^ 

"^ 

T*? 

Sb  129 

32-33 

— 

— 

34-33 

— 

— 

16C      96 

24-06 

24-25 

24-03 

25-80 

25-75 

25-84 

23H      23 

5-77 

6-28 

5-95 

5-47 

5-64 

5-58 

1     127 

31-83 

32-24 

31-88 

34-40 

34-58 

3417 

30      24 

601 

~ 

~ 

399 

10000 

100-00 

During  the  crystallisation  of  iodide  of  stibethylium,  especially 
when  it  separates  from  warm  solutions,  another  salt  is  often  formed, 
with  a  different  amount  of  water,  2  (SbAe^I)  +  3H0. 

Iodide  of  Stibethylium  and  Mercury,  3HgI-}- (SbAeJl. — When 
a  solution  of  mercuric  chloride  is  added  to  a  solution  of  iodide  of 
stibethylium,  a  white  precipitate  is  produced,  which  melts  into  an 
oily  fluid  even  at  a  gentle  heat. 

This  salt  is  insoluble  in  water  and  ether,  and  dissolves  with  diffi- 
culty in  boiling  alcohol.  It  crystallises  from  this  solution  in  columnar 
crystals.  If  the  precipitate  be  allowed  to  melt  under  water  of 
7(f  C,  it  solidifies  to  a  white  mass,  and  only  exhibits  single  red 
spots,  but  becomes  entirely  red  after  some  time.  If  the  mass 
which  has  become  red  be  dissolved  in  boiling  alcohol,  the  white  salt 
separates  again  in  hexagonal  prisms.  Both  forms  of  the  salt  have 
the  same  composition,  but  the  red  crystals  appear  to  belong  to  the 
regular  system.     This  salt  gave  on  analysis — 

Calculated.  Found. 

SbAe^     ...     245         23-27  "^^^  — 

3Mg    ....     300         28-49  2930         28-40 

41  ....     .•    508         48-24  4900         48-60 


1053       100-00 


A    .similar   compound,  Slh^l-\-2{^h  Ac  J.),    is  obtained  by  adding 
iodide  of  mercury  to  a  hot  solution  of  iodide  of  stibcthyhum,  until  it 
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no  longer  loses  its  red  colour.  The  conversion  of  the  excess  of 
iodide  of  mercury  is  then  effected  by  a  fresh  addition  of  iodide  of 
stibethylium.  None  of  the  latter  remains  in  the  fluid ;  the  precipi- 
tate melts  when  heated,  forming  a  yellow  oil.     Analysis  : — 


Calculated.  Found. 


2SbAe^     ...     490         34-38 


3Hg    ....     300        21-06  20-86         21*80 

51 635         44-32  44-56         44*52 


1425       100-00 

Chloride  of  Stibethylium,  (SbAe4)Cl  +  3HOj  is  obtained  by  satu- 
rating oxide  of  stibethylium  with  hydrochloric  acid,  or  by  decom- 
posing 4  atoms  of  iodide  of  stibethylium  with  3  atoms  of  mercuric 
chloride,  by  which  means  3  atoms  of  chloride  of  stibethylium  are 
obtained.  In  the  latter  case,  the  solution  contains  neither  iodine  nor 
mercury.  The  salt  crystallises,  and  deliquesces  more  readily  even 
than  chloride  of  calcium.  It  loses  its  water  of  crystallisation  on  the 
water-bath.  It  has  a  strongly  bitter  taste.  The  analysis  of  the  dry 
salt  gave — 

Calculated.  Found. 

Sb  .  .  129  56-03  ^  I^ 

16C  .  .  .   96  34-29  3329  3321 

20H.  .  .   20  7-01  7'7Q  763 

CI.  .  .   35-5  12-67  1113  1250 


280-5    100-00 

Chloride  of  Stibethylium  and  Mercury, — Compounds  exactly 
similar  to  those  of  iodide  of  mercury  with  iodide  of  stibethylium 
are  obtained  by  bringing  in  contact  chloride  of  mercury  and  iodide 
or  chloride  of  stibethylium.  1  atom  of  iodide  of  stibethylium  with 
3  atoms  of  chloride  of  mercury  furnish  the  iodine  compound  which 
melts  under  water,  whilst  the  water  takes  up  the  corresponding 
chloride,  3HgCl+ (SbAe4)Cl.  If  concentrated  solutions  of  chloride 
of  stibethylium  and  mercuric  chloride  be  mixed,  a  compound  of  the 
formula  3HgCl  +  2(SbAeJCl  is  obtained.  The  former  salt  is  soluble 
in  alcohol  and  water ;  the  latter  forms  a  white  powder,  which  is 
difficult  of  solution  in  water. 

Chloride  of  Stibethylium  and  Platinum,  3PtCl2  +  2SbAe4Cl. — 
This  salt  is  produced  by  mixing  a  somewhat  dilute  alcoholic  solution 
of  chloride  of  stibsethylium  with  a  similar  solution  of  chloride  of 
platinum,  and  evaporating  the  mixture.  It  is  a  fine  yellow  com- 
pound, tolerably  soluble  in  water  and  alcohol,  which   yields  68*6, 
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67'2j  and  692  per  cent,  of  platinochloride  of  platinum.  (Calculation, 
68-53  per  cent.) 

Bromide  of  Stibethylium,  (StAeJBr,  was  obtained  by  saturating 
oxide  of  stibethylammonium  with  hydrobromic  acid.  It  crystal- 
lises in  dazzling  white  acicular  crystals,  which  dissolve  very  readily 
in  water  and  alcohol,  and  do  not  deliquesce  in  the  air.  Analyses 
gave  24-39  and  24-87  of  bromine.  With  oxide  of  stibethylium 
bromine  appears  to  form  bromide  and  bromate  of  stibethylium. 

Hydrated  Oocide  of  Stibethylium,  StAe40,H0,  is  obtained  by 
decomposing  iodide  of  stibethylium  with  oxide  of  silver.  Traces 
of  dissolved  oxide  of  silver  are  removed  by  the  careful  addition  of 
hydrochloric  acid.  The  fluid  is  evaporated  in  vacuo,  when  the  hydrate 
is  obtained  in  the  form  of  a  thick,  colourless,  oily  fluid,  of  a  strongly 
alkaline  and  intensely  bitter  taste,  which  quickly  renders  litmus- 
paper  blue.  It  dissolves  in  water  and  alcohol  in  all  proportions, 
but  is  insoluble  in  ether.  It  sets  ammonia  free  from  its  compounds, 
and  precipitates  the  oxides  of  the  heavy  metals.  Oxide  of  tin  and 
alumina  are  again  dissolved  by  the  excess  of  the  alkali.  The  salts 
of  the  alkaline  earths  are  not  decomposed  by  the  base. 

The  salts  are  produced  by  bringing  the  base  in  contact  with  the 
acids,  or  by  double  decomposition.     They  have  a  strong  bitter  taste. 

The  sulphate,  (SbAe4)0  •  SO3,  crystallises. 

The  nitrate,  (SbAe^)O  •  NO5,  crystallises. 

The  carbonate,  (SbAeJO  •  CO^,  is  a  tough  deliquescent  mass. 

The  formiate,  (SbAe4)0  •  F0O3,  forms  acicular  crystals,  diflicult  of 

solution. 
The  acetate,  (SbAe4)0  •  AcOg,  forms  more  soluble  acicular  crystals. 
The  succinate,  (SbAe4)0  •  SuO^,  does  not  crystallise. 
The  oxalate,  (SbAeJO  •  C2O3,  crystaUises. 

The  tartrate,  (SbAe4)0  •  C4H2O5,  forms  large  deliquescent  crystals. 
The  bitartrate,  (SbAe4)0  •  2(0411205),  forms  fine  needles. 
The   racemate,    (SbAe4)  •  OC4H2O5,     forms     large    deliquescent 

crystals. 

Sulphide  of  Stibethylium,  (SbAe4)S,  is  obtained  by  treating 
oxide  of  stibethylium  with  sulphuretted  hydrogen.  It  is  evaporated 
without  access  of  air,  and  forms  a  yellowish  oily  fluid,  which  does  not 
crystallise ;  it  dissolves  readily  in  water  and  alcohol,  and  behaves 
towards  the  salts  of  the  metals  like  sulphide  of  potassium. 
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On  Butyllc  Alcohol.* 
By  A.  Wurtz. 

This  alcohol  is  obtained  from  the  fusel-oil  which  remains  after  the 
rectification  of  the  alcohol  obtained  from  beet-molasses.  DifiPerent 
samples  of  this  fusel  oil,  however,  contain  very  different  quantities  of 
the  alcohol,  and  many  none  at  all.  To  separate  the  butylic  alcohol, 
Wurtz  collects  apart  the  portions  which  distil  over  between  80°  and 
105°,  105°  and  11.5°,  115°  and  125°  C.  The  first  portion  is  washed 
with  water,  the  oily  layer  which  separates  repeatedly  rectified,  the 
portion  which  passes  over  above  104°  being  each  time  collected  apart. 
The  latter  is  united  with  the  portion  which  passed  over  between  105° 
and  115°,  and  with  so  much  of  the  last  portion  (which  passed  over 
between  115°  and  125°)  as,  in  repeated  rectifications  of  the  latter, 
passes  over  below  115°.  All  the  liquid  which  has  distilled  over 
between  105°  and  115°  is  then  boiled  for  forty-eight  hours  with  a 
strong  solution  of  caustic  potash,  in  such  a  manner  that  the  volatilised 
portion  may  condense  and  flow  back  again ;  the  impure  butylic  alcohol 
is  then  distilled  over,  separated  from  the  water  which  passes  over  at 
the  same  time,  more  completely  dehydrated  by  leaving  it  for  twenty- 
four  hours  in  contact  with  half  its  weight  of  caustic  potash,  and  then 
distilled.  The  distillate  is  repeatedly  rectified,  and  the  portion  which 
goes  over  between  108°  and  110°  collected  apart:  if  the  boiling 
point  remains  constant  between  these  limits  during  the  whole  of  the 
distillation,  the  butylic  alcohol  is  very  nearly  pure.  The  process  of 
purification  may  be  shortened  by  causing  the  vapour  to  pass  from 
the  distilling  flask  through  an  upright  tube  having  two  bulbs  blown 
on  it,  and  fitted  with  a  theimometer  which  is  immersed  in  the  vapour 
at  the  top  before  it  reaches  the  condensing  apparatus.  The  less 
volatile  portion  then  condenses  in  the  tube  and  runs  back  into  the 
flask,  and  the  separation  of  the  more  and  less  volatile  portions  is 
thereby  greatly  facilitated.  Butylic  alcohol  purified  as  above,  and 
boiling  at  110°,  gave  results  nearly  agreeing  with  the  formula  CgHioOg ; 
viz. — 

Analysis. 


Calculated. 

I. 

II. 

III. 

Carbon    .     64-86 

64-55 

64-49 

64-94 

Hydrogen     13*51 

13-90 

13-53 

13-65 

For  complete  purification,  Wurtz  converted  the  butylic  alcohol  into 
iodide  of  butyl,  which  boils  at  121°  C,  and  is  easily  separated  by 
fractional  distillation  from  iodide  of  ethyl,  which  boils  at  73°,  and 
iodide  of  amyl,  boiling  at  146°,  transformed  the  iodide  of  butyl  into 

*  Ann.  Ch.  Plijs.  [3],  xlii.  129;  Anrif  Ch.  Pharm.  xc-iii.  107. 
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acetate  by  means  of  acetate  of  silver  ;  and  decomposed  the  latter  by 
continuous  boiling  with  concentrated  solution  of  potash^  the  volatilised 
portion  being  condensed  and  made  to  run  back ;  the  butylic  alcohol 
was  then  poured  oiF  and  rectified  over  caustic  baryta. 

Butylic  alcohol  thus  purified  is  a  colourless  liquid,  more  mobile 
than  amylic  alcohol,  and  having  an  odour  similar  to  that  of  the  latter, 
but  less  pungent  and  more  vinous  :  it  rotates  the  plane  of  polarisation 
of  a  ray  of  light;  exhibits  the  composition  marked  iii.  in  the  above 
table ;  and  boils  at  109°  C.  Sp.  gr.  =  0-8032  at  18°-5  C.  Vapour 
density  =  2*589.  The  formula  CgHjoOa  gives  2*565  for  a  condensa- 
tion to  4  volumes. 

Butylic  alcohol  readily  takes  fire  on  the  approach  of  a  burning  body, 
and  burns  with  a  bright  flame.  It  dissolves  in  10 J  times  its  weight 
of  water  at  18°,  and  is  precipitated  from  that  solution  by  chloride  of 
calcium,  chloride  of  sodium,  or  other  soluble  salt,  in  the  form  of  an  oily 
layer.  It  dissolves  chloride  of  calcium,  and  forms  a  crystalline  com- 
pound therewith.     Potassium  converts  it,  with  evolution  of  hydrogen, 

into       ^  K^  !  ^2-      When    the    alcohol    is    dropped  upon  soda-lime 

heated  to  250°,  hydrogen  gas  is  evolved,  and  a  salt  of  butyric  acid 
formed.  Sulphuric  acid  acts  violently  on  butylic  alcohol,  the  mixture 
becoming  heated  and  coloured.  When  the  alcohol  is  mixed  with 
sulphuric  acid,  sulphurous  acid  is  evolved,  and  an  oily  layer  sepa- 
rates, consisting  chiefly  of  hydrocarbons  polymeric  with  butylene. 
When  butylic  alcohol  is  quickly  mixed  with  excess  of  sulphuric  acid,  a 
small  quantity  of  gas  is  evolved  with  great  rise  of  temperature  :  by  the 
application  of  a  gentle  heat,  the  gas  may  be  obtained  in  larger  quan- 
tity; it  consists  chiefly  of  butylene,  together  with  carbonic  and 
sulphurous  acid.  When  the  alcohol  is  gradually  mixed  with  an  equal 
volume  of  sulphuric  acid,  and  the  mixture  kept  cool,  sulphobutylic 
acid  is  produced. 

The  formation  of  butylic  alcohol  from  grape-sugar,  alone  or  simul- 
taneously with  vinic  and  amylic  alcohols,  is  expressed  by  the  following 
equations  : — 

^2,^2^2^  =  SCgHjoOs  +  8CO2  +  4H0 
2C24H24O24  =  2C,oHi202  +  C8H10O2  +  C4H6O2  +  I6CO2  +  8H0. 

Wurtz  searched  in  vain  for  propylic  alcohol  in  the  fusel-oil  from 
beet-molasses.  Some  samples  of  this  fusel-oil  yielded,  by  distillation, 
a  small  quantity  of  a  liquid  which  distilled  over  at  160°  and  upwards : 
this,  however,  was  not  an  alcohol,  but  a  mixture  of  certain  compound 
ethers  of  the  amyl  series. 

Action  of'  Chloride  of  Zinc  on  Butylic  Alcohol. — Butylic  alcohol 
dissolves  receutly  fused  chloride  of  zinc  at  ordinary  temperatures, 
forming  with  it  a  syrupy  liquid.  Heated  with  excess  of  chloride  of 
zinc,  it  is  decomposed,  giving  off,  first  butylene  gas,  Cgllg,  afterwards 
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a  mixture  of  that  gas  with  hydride  of  butyl,  CgHjo.  On  passing  the 
evolved  gases  through  a  tube  cooled  to  0°  (in  which  certain  hydro- 
carbons are  condensed),  and  then  through  a  tube  surrounded  with  a 
freezing  mixture,  a  colourless  liquid  condenses  in  the  latter,  which, 
when  taken  out  of  the  freezing  mixture,  is  suddenly  converted  into  a 
mixture  of  about  equal  volumes  of  butylene  and  hydride  of  butyl,  the 
boiling  point  then  rising  to  about  8°.  The  less  volatile  hydrocarbons, 
which  boil  from  100°  to  300°,  exhibited  a  composition  expressed  by 
C24H22  or  C4oH32^  The  butylene  is  produced  from  the  butylic  alcohol, 
CgHjoOg,  by  separation  of  2H0  ;  the  hydride  of  butyl,  and  the  less 
volatile  hydrocarbons  from  the  butylene,  possibly  as  represented  by 
the  equations — 

4  CgHg  =  CqHjo  +  C24H22 

6  CgHg  =  CgHjo  +  C40H38 

Butyl,  CgHg,  the  radical  of  butylic  alcohol,  is  obtained  by  heating 
iodide  of  butyl  with  potassium  in  sealed  tubes  for  several  days  at  the 
temperature  of  the  water-bath.  The  potassium  is  gradually  converted 
into  iodide :  on  opening  the  tubes,  butylene  gas  escapes ;  and  on 
applying  a  gentle  heat,  the  vapour  of  hydride  of  butyl  CgH^Q  (which 
may  be  condensed  by  a  freezing  mixture),  the  boiling  point  then 
rising  rapidly  to  100°.  From  105°  upwards,  butyl,  CyHg  or  CigHjg, 
passes  over ;  it  is  a  colourless  oily  liquid,  having  a  faint  odour,  and 
specifically  lighter  than  water.* 


Found.  Calculated. 

Carbon    .     .     84-26  Cg     .     .     84-21 

Hydrogen     .     16-15  Hg    .     •     15-79 


100-41  10000 

Chloride  of  Butyl  is  formed  by  the  action  of  pentachloride  of 
phosphorus  on  butylic  alcohol ;  the  action  is  violent,  and  attended  with 
considerable  evolution  of  heat.  The  pentachloride  is  gradually  added 
to  the  butylic  alcohol  in  a  flask  having  a  long  neck,  which  must  be 
kept  very  cool.  The  pentachloride  is  then  converted  into  oxychloride 
(or  the  oxychloride  may  be  used  in  the  first  instance,  in  which  case 
the  action  is  less  violent).  After  twenty-four  hours,  the  contents  of 
the  flask  are  distilled  off";  the  portion  which  distils  over  below  100°  is 
washed  wdth  water,  dehydrated  with  chloride  of  calcium,  and  rectified  ; 
the  portion  which  goes  over  below  70°  is  chloride  of  butyl.  This 
liquid  is  lighter  than  water,  and  has  an  ethereal  odour,  recalling  also 
that  of  chlorine.  It  is  rapidly  decomposed  by  potassium,  with  rise 
of  temperature  and  evolution  of  gas.     Its  composition  is  CgHgCl. 

■    />'//,,/ 1>  KUiitii'il  wifl)   (lie  radical  foriiu-ilv  <1c^ci'i1k'<1  )>\   Kolhe   under  the  luunc 

1)1  r,i////. 
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Found.  Calculated. 


Carbon    . 

51-21 

51-86 

Hydrogen 

9-69 

9-99 

Chlorine  . 

— 

— 

Cg  51-88 
Hg  9-70 
CI     38-40 


100-00 


Chloride  of  butyl  is  also  formed  by  the  action  of  hydrochloric  acid 
on  butylic  alcohol.  When  the  alcohol  is  saturated  with  hydrochloric 
acid  gas,  and  the  liquid  enclosed  in  a  sealed  glass  tube  and  heated  in 
the  water-bath,  a  large  quantity  of  chloride  of  butyl  is  formed,  which 
may  be  obtained  in  the  separate  state  by  washing  the  product  with 
water,  rectifying  it,  and  collecting  apart  the  portion  which  distils  over 
between  70°  and  75°. 

Bromide  of  Butyl  is  obtained  by  adding  a  few  drops  of  bromine  to 
butylic  alcohol,  introducing  a  small  quantity  of  phosphorus  after  the 
liquid  has  cooled  to  a  certain  point,  and  repeating  the  addition  of 
bromine  and  the  decoloration  of  the  liquid  by  phosphorus,  till  vapours 
of  hydrobromic  acid  are  given  off  in  abundance,  and  a  quantity  of 
bromine  has  been  added,  at  least  equal  to  the  butylic  alcohol.  The 
liquid  is  then  distilled  at  a  gentle  heat  not  exceeding  100°,  whereupon 
the  vapours  of  hydrobromic  acid  dissolve  in  the  water,  while  the  bro- 
mide of  butyl  collects  at  the  bottom.  This  product  is  washed  with 
water,  dried  over  chloride  of  calcium,  and  rectified.  Pure  bromide  of 
butyl  boils  at  89°,  and  smells  like  chloride  of  butyl.  Its  specific 
gravity  at  16°  is  1-274.  Vapour-density,  by  experiment,  4*720,  while 
the  formula  CgHgBr  gives  for  a  condensation  to  4  vols,  the  number 
4-749. 

Found. 

Carbon    .     34*58         34-97 
Hydrogen       6-79  6-67 

Bromine  .       —  57*91 


Calculated. 

Cs 

35-03 

Ho 

6-56 

Br 

58-41 

99-55  100-00 

Bromide  of  butyl  is  decomposed  by  potassium  very  slowly  in  the 
cold,  but  with  violence  when  heated.  When  the  substances  were  heated 
together  in  a  sealed  tube,  the  action  took  place  immediately  after  the 
fusion  of  the  potassium.  Large  quantities  of  gas  were  evolved, 
probably  butylene  ai^d  hydride  of  butyl ;  and  the  tube  exploded  with 
violence.  Ammonia  acts  but  slowly  on  bromide  of  butyl  at  ordinary 
temperatures,  probably  with  formation  of  butylamine. 

Iodide  of  Butyl. — Obtained  by  adding  1*5  pt.  iodine  to  1  pt.  of 
butylic  alcohol,  which  must  be  kept  cold  ;  gradually  introducing  about 
015  phosphorus;   and  subsequently  heating  the  mixture  (at  last  to 
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ebullition),  the  colour  of  which  becomes  lighter  and  brownish-yellow, 
while  hydriodic  acid  volatilises  together  with  a  little  iodide  of  butyl. 
These  vapours  are  received  in  cold  w  ater ;  the  residue,  when  cold, 
washed  with  this  liquid,  and  afterwards  with  pure  water;  then  dehy- 
drated by  chloride  of  calcium ;  and  freed  from  a  small  quantity  of  un- 
altered butylic  alcohol,  by  treating  it,  while  warm,  with  pulverised  iodide 
of  phosphorus*  till  that  compound  crystallises  out.  The  liquid  then 
distilled,  and  the  distillate  washed  with  water,  dehydrated  with  chloride 
of  calcium,  and  rectified,  the  portion  which  distils  over  at  118°  to  122° 
being  collected  apart.  Iodide  of  butyl  recently  prepared  is  a  colourless 
strongly  refracting  liquid,  which,  however,  soon  turns  brown  when 
exposed  to  Hght.  It  boils  at  121°;  but  when  a  mixture  of  water  and 
iodide  of  butyl  is  distilled,  the  thermometer  at  the  commencement  of 
the  process,  when  iodide  of  butyl  chiefly  distils  over,  shows  a  tempe- 
rature of  only  88°  to  89°.  The  specific  gravity  of  iodide  of  butyl  is 
1-604  at  19°.  Vapour-density  by  experiment  =  6'217  :  the  formula 
CgHgl  gives  6*343  for  a  condensation  to  4  volumes. 

Found.  Calculated. 

—  Cg  26-22 

—  Kg    4-91 
68-68     I  68-87 

Iodide  of  butyl  burns  with  difficulty,  and  only  in  contact  with  an 
inflamed  body,  and  gives  off  vapours  of  iodine.  It  is  but  slowly 
attacked  by  aqueous  solution  of  potash,  even  after  long  boiling ;  alco- 
holic potash  decomposes  it,  with  formation  of  iodide  of  potassium  and 
butylic  alcohol.  It  is  readily  decomposed  by  silver-salts.  With  an 
alcoholic  solution  of  nitrate  of  silver  it  immediately  forms  iodide  of 
silver ;  it  likewise  acts  on  dry  silver-salts,  and  this  reaction  gives  rise 
to  the  formation  of  several  other  ethers  from  the  iodide  of  butyl. 

Butylic  Ether,  CgHgO,  or  p^u^  j  0^,  is  formed  by  the  action  of 

iodide  of  butyl  on  the  compound    ^-^^  j  Og,  produced  by  the  action  of 

potassium  on  butylic  alcohol,  but  could  not  be  separated  by  fractional 
distillation  from  the  excess  of  butylic  alcohol,  which  boils  nearly  at  the 
same  point.  On  attempting  to  remove  the  excess  of  butylic  alcohol 
by  saturating  the  liquid  with  potassium,  ultimately  with  the  aid  of 
heat,  and  treating  the  still  hot  liquid  with  iodide  of  butyl,  a  violent 

*  Wurtz  prepares  this  compound  by  adding  8  or  10  pts.  of  iodine  to  1  pt.  phos- 
phorus in  a  glass  vessel  which  admits  of  being  closed  ;  violent  action  takes  place,  and 
the  resulting  compound  fuses.  The  heat  is  continued  for  a  short  time,  till  the  film 
which  adheres  to  the  sides  of  the  vessel  becomes  dark  red  and  translucent,  and  the 
liquid  compound  separated  from  the  solid  phosphorus  (which  has  become  amorphous)  : 
the  compound  8oli(^iies  in  the  crystalline  state. 


Carbon    .  26*04 

26-59 

26-26 

26-41 

Hydrogen     5*00 

5-13 

5-04 

4-92 

Iodine      .     — 

— 

— 

— 
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action  takes  place,  attended  with  formation,  not  of  butylic  ether,  but 
of  butylic  alcohol  and  butylene  : 

CgHgl  +  C3H9KO2  =  CgHioO^  +  C3H3  +  KL 

Iodide  of  butyl  is  completely  decomposed  by  dry  oxide  of 
silver, — with  formation  of  butylic  ether  and  iodide  of  silver, — the 
former  being,  however,  associated  with  small  quantities  of  butylene- 
gas,  water,  reproduced  butylic  alcohol,  and  carbonate  of  butyl.  The 
formation  of  the  water  and  carbonic  acid  is  attributed  by  Wurtz  to 
the  oxidising  action  of  the  excess  of  silver-oxide  :  the  formation  of 
butylic  alcohol  he  regards  as  taking  place  in  the  manner  represented 
by  one  of  the  equations : 

C3H9I  +  AgO  -f  HO  =  CgHioO^  +  Agl. 
2C8H9I  +  2AgO  =  C3H10O2  +  CgHg  +  2AgI. 

Vinobutylic  Ether ,  CJ2H14O2  =  p*  u^  j  ^2^  i^  prepared  by  the 

action  of  iodide  of  ethyl  on  the  compound  CgHgK02  at  ordinary  tem- 
peratures. After  the  mixture  had  been  left  to  stand  for  a  day,  it  was 
distilled,  the  excess  of  iodide  of  ethyl  passing  over  first,  then  vino- 
butylic ether,  and  lastly  (above  95°)  the  excess  of  butylic  alcohol. 
The  last  portion  of  the  distillate  was  again  treated  with  potassium, 
then  the  first  portion,  to  form  a  new  portion  of  vinobutylic  ether ;  and 
lastly,  the  entire  liquid  rectified,  the  portion  which  distilled  over 
between  78^  and  80°  being  collected  apart.  This,  which  was  a  colour- 
less liquid  having  an  agreeable  odour,  exhibited  a  density  of  0*7507, 
and  the  composition  Q^^^fic^. 


Found. 

Calculated. 

Carbon 

.     70-15 

C12     70-58 

Hydrogen 

.     14-04 

Hi4    13-72 

Oxygen 

— 

O2      16-70 

100-00 

Carbonate  of  Butyl  was  prepared  by  enclosing  equal  parts  of  car- 
bonate of  silver  and  iodide  of  butyl  in  a  sealed  glass  flask,  and  heating 
the  mixture  in  the  water-bath  for  two  days.  On  opening  the  flask 
after  cooling,  a  small  quantity  of  carbonic  acid  escaped,  together  with 
a  gas  (butylene)  which  burned  with  a  smoky  flame.  The  liquid 
remaining  in  the  flask  was  then  distilled  in  the  oil-bath,  and  the  portion 
which  passed  over  above  180°  again  rectified.  Carbonate  of  butyl 
thus  obtained  is  a  colourless  liquid  specifically  lighter  than  water, 
having  an  agreeable  odour  like  that  of  carbonate  of  ethyl,  and  boiling 
at  190°.     Its  composition  answers  to  the  formula — 
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CisHigOfi  = 

CO          .Q 

CO    iQ    - 

c.oJo^ 

Carbon 

Hydrogen 

Oxygen 

Found. 

.     62-14 
.     10-49 

Calculated. 

Ci8     62-09 
His    10-34 
Oq      27-67 

100-00 

Aqueous  ammonia  converts  it  into  butylic  alcobol  and  butylic 
urethane. 

Nitrate  of  Butyl. — Prepared  by  mixing  previously  fused  nitrate  of 
silver  with  a  small  quantity  of  urea  likewise  fused,  and  adding  a 
quantity  of  iodide  of  butyl  not  quite  sufficient  to  decompose  the  silver- 
salt  ;  action  immediately  takes  place,  and  the  nitrate  of  butyl  is  dis- 
tilled over,  partly  by  the  heat  evolved  in  the  reaction,  and  the  rest 
between  140°  and  150°.  The  distillate,  after  being  washed  with  water, 
and  dehydrated  by  chloride  of  calcium,  is  a  colourless  liquid  heavier 
than  water,  and  tasting  sweet  at  first,  but  afterwards  pungent  and 
aromatic.  It  boils  at  130° ;  burns  with  a  pale  flame ;  its  vapour 
does  not  detonate.  Its  composition  corresponds  with  the  formula 
C,H,NO«  =  NO,Jo^ 

Found.  Calculated. 

Carbon  .  .  40-55  Cg  40-33 

Hydrogen  .  .       7-31  H^  7-56 

Nitrogen  .  .       —  N  11-76 

Oxygen  .  .       —  Og  4035 

100-00 

With  alcoholic  potasli.it  yields  butylic  alcohol  and  nitrate  of  potash. 
Sulphuretted  hydrogen  has  no  action  upon  it. 

Sulphate  of  Butyl  is  formed  by  the  action  of  iodide  of  butyl  on 
sulphate  of  silver  at  ordinary  temperatures.  The  heat  evolved  in  this 
reaction  is  sufficient  to  exert  a  decomposing  action  on  the  resulting 
sulphate  of  butyl ;  the  mixture  blackens  in  separate  places ;  and  on 
opening  the  vessel  in  which  the  action  has  taken  place,  the  odour  of 
sulphurous  acid  becomes  perceptible.  The  action  may  be  moderated 
by  cooling  the  vessel ;  but  the  sulphate  of  butyl  is  so  unstable  that  it 
decomposes  from  one  day  to  another,  yielding  sulphurous  acid,  a 
coloured  viscid  hydrocarbon,  and  a  peculiar  conjugated  acid,  which 
may  be  extracted  by  treating  the  residue  with  water ;  and  forms  with 
baryta  a  soluble  salt  which  dries  up  to  a  gummy  mass  in  vacuo. 
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Acetate  of  Butyl  is  prepared  by  decomposing  the  iodide  with  nitrate 
of  silver.  The  latter  salt  is  mixed  in  a  small  flask  with  a  nearly 
equivalent  quantity  of  iodide  of  butyl,  the  neck  of  the  flask  sealed, 
and  the  flask  heated  for  several  hours  in  the  water-bath.  Iodide  of 
silver  is  then  formed,  together  with  acetate  of  butyl,  which  may  be 
separated  by  distillation.  The  distillate  is  washed  with  water  containing 
a  little  carbonate  of  soda  in  solution,  then  dried  with  chloride  of  cal- 
cium, and  rectified.  Pure  acetate  of  butyl  is  an  ethereal,  perfectly 
colourless  liquid,  having  a  very  agreeable  odour,  boiling  at  114°,  and 
having  a  density  of  0*8845  at  16°.  Vapour-density  by  experiment 
=  4*073;  by  calculation  from  the  formula  C12H12O4,  4"017  for  a 
condensation  to  4  volumes. 

Found.  Calculated. 

Carbon  .         .     61*94  C12      62*06 

Hydrogen     .         .  .  10*42  H12     10*34 

Oxygen         .         .       —  O4       27*60 


100*00 


When  boiled  with  solution  of  caustic  potash,  it  is  decomposed  with 
formation  of  acetic  acid  and  butylic  alcohol. 

Acetate  of  butyl  may  also  be  obtained  by  distilling  equivalent  quan- 
tities of  sulphobutylate  of  potash  and  recently  fused  acetate  of  potash. 
In  a  similar  manner,  Formiate  of  Butyl  may  be  prepared :  it  is  a 
liquid  having  an  agreeable  odour,  and  boiling  at  about  100°. 

Sulphobutylic  Acid  may  be  separated  from  its  baryta-salt  by  sul- 
phuric acid,  but  has  not  yet  been  minutely  examined.  The  baryta- 
salt  is  obtained  by  gradually  adding  strong  sulphuric  acid  to  an  equal 
volume  of  butylic  alcohol,  diluting  the  mixture  after  twenty-four  hours 
with  ten  times  its  volume  of  water,  saturating  with  carbonate  of  baryta, 
and  evaporating  the  filtrate.  The  baryta-salt  crystallises  in  large 
white  rhombic  laminae  which  are  unctuous  to  the  touch.     Their  com- 


;ion  IS — 

^2  I    Ba 

jOs 

+  2Aq 

SO2 
_   C3H, 
-    SO2 
Ba 

0, 

jo. 

Aq. 

Found. 

Calculated. 

Carbon 

. 

"2008^ 

— 

Cs 

20*01 

Hydrogen 

. 

4*63 

— 

H„ 

4*58 

Oxygen 

4 

— 

— 

O3 

10*00 

Sulphuric 

acid 

— 

— 

2SO3 

33*39 

Baryta  , 

•     • 

31*75 

31-73 

BaO 

32*02 

100*00 
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The  crystals  dissolve  readily  in  water  :  at  100°  or  in  vacuo  they  give 
off  2  eq.  water. 

The  potash-s^lt  of  sulphobulylic  acid  was  prepared  by  diluting 
the  mixture  of  sulphuric  acid  and  butylic  alcohol  with  twice  its  bulk 
of  water,  mixing  it  with  solid  carbonate  of  potash,  evaporating  in  the 
water-bath,  and  exhausting  the  residue  with  boiling  alcohol.  The 
potash-salt  crystallised  from  the  filtrate  in  broad  nacreous  laminse. 
It  dissolves  readily  in  water,  with  tolerable  facility  in  boiling  alcohol, 
sparingly  in  cold  alcohol.  The  concentrated  aqueous  solution  is  pre- 
cipitated by  alcohol.     Its  composition  is   83  1    |.   ^]  Og. 

Found.  Calculated. 

Carbon  .         .  24*82  24-81  C^        24*97 

Hydrogen       .       4*94         —  H^         6'68 

Oxygen  .       —  —  0  — 

Sulphuric  acid       —  —  2SO3     — 

Potash  .         .  24- 11  24-53  KO      24-55 

The  aqueous  solution  of  this  salt  distilled  with  caustic  potash,  yields 
butylic  alcohol  and  sulphate  of  potash. 

Sulphobutylate  of  lime  was  prepared  like  the  preceding  salts.  By 
evaporating  the  aqueous  solution,  it  was  obtained  in  small  nacreous 
crystals,  which,  under  the  microscope,  presented  the  appearance  of 
six-sided  laminse.  They  are  anhydrous,  dissolve  readily  in  water 
(the   solution   is   highly   efflorescent),    and    have    the    composition 

S2  {  %  ^}  Og;  analysis  gave  16*41  per  cent,  lime,  while  the  for- 
mula requires  16*18  per  cent. 

C  H 

Butylamine. — This  base,  like  all  the  bases  of  the  series  N  (    "tj"^^' 

may  be  obtained  by  the  action  of  potash  on  cyanate  and  cyanurate  of 
butyl.  A  mixture  of  these  two  ethers  is  obtained  by  distilling  2  parts 
of  sulphobutylate  of  potash  with  1  part  of  perfectly  dry  and  recently 
prepared  cyanate  of  potash.  The  pasty  distillate  is  dissolved  in  alco- 
hol, and  the  solution  boiled  with  addition  of  fragments  of  caustic 
potash.  Carbonate  of  potash  is  then  formed,  and  butylamine  evolved, 
which  is  condensed  in  a  small  quantity  of  cold  water  acidulated  with 
hydrochloric  acid.  The  boiling  is  continued  till  the  residue  is  quite 
fused  and  no  longer  gives  off  alkaline  vapours.  The  resulting  solution 
of  hydrochlorate  of  butylamine  is  evaporated  to  dryness,  and  the  salt, 
after  being  freed  from  residual  water  by  fusion,  is  pulverised  when 
cold,  and  quickly  mixed  with  an  equal  weight  of  quicklime.  This 
mixture  is  introduced  into  a  tube  of  hard  glass,  which  must  be  filled 
with  it  to  four-fifths.     The  remaining  portion  of  the  tube  is  filled  with 
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fragments  of  caustic  baiyta ;  a  gas-delivery  tube  bent  at  right  angles 
attached  to  this  tube,  and  made  to  dip  into  a  small  flask  surrounded 
with  ice;  and  the  tube  carefully  heated  in  a  combustion-furnace 
beginning  at  the  closed  end.  The  butylamine  which  escapes  is  com- 
pletely dehydrated  by  caustic  baryta,  and  condenses  in  the  flask.  It 
boils  at  69°  to  70° ;  smells  strongly  ammoniacal  and  somewhat  aro- 
matic ;  is  inflammable,  and  burns  with  a  luminous  flame.  In  contact 
with  hydrochloric  acid,  it  forms  dense  fumes.  It  dissolves  in  all 
proportions  in  water  or  alcohol.  The  aqueous  solution  smells  like  the 
pure  base,  and  is  very  caustic  ;  when  concentrated,  it  is  somewhat  viscid. 
Most  metallic  solutions  are  precipitated  by  butylamine  in  the  same 
manner  as  by  ammonia  :  the  precipitates  formed  in  solutions  of  zinc, 
cadmium,  and  copper,  dissolve  in  excess  of  the  precipitant :  gelatinous 
alumina  likewise  dissolves  in  excess  of  butylamine.  The  oxides  of 
nickel,  cadmium,  and  chromium,  do  not  redissolve  in  excess  of  the 
precipitant.  Nitrate  of  silver  forms  with  butylamine  a  tawny  yellow 
precipitate  easily  soluble  in  excess.  Gelatinous  silica  dissolves  very 
perceptibly  in  butylamine,  and  remains  in  the  pulverulent  and  amor- 
phous state  when  the  solution  is  evaporated. 

The  composition  of  butylamine  is  expressed  by  the  formula — 
CgHnN  =  N        H 

Found.  Calculated. 

Carbon    .     6?58^ "^65^87  Cg     65-75 

Hydrogen     1499         1526  H,,  15-06 

Nitrogen        —  —  N      19-19 


100-00 


Hydrochlorate  of  butylamine,  CgHuN.HCl,  crystallises  in  deliques- 
cent needles,  melts  above  100°,  emits  thick  white  fumes  in  the  air,  and 
volatilises  without  residue.  It  gave  by  analysis  43-83  per  cent.  C, 
and  11-05  H,  the  formula  requiring  43*83  and  1095. 

The  platinum-salt  of  butylamine  does  not  separate  out  immediately 
on  mixing  hydrochlorate  of  butylamine  and  bichloride  of  platinum, 
even  in  concentrated  solutions,  but  crystallises  after  evaporation  in 
beautiful  orange-yellow  laminae,  which  are  soluble  in  water  and  alco- 
hol, and  have  the  composition  CgHuN  •  HCl-f  PtCl2.  Analysis  gave 
17*18  per  cent.  C,  4*52  H,  and  35-02  Pt,  the  formula  requiring 
17-19  C,  4-29  H,  and  35-32  Pt. 
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Hydrochlorate  of  butylamine  and  terchloride  of  gold  may  be  mixed 
without  separation  of  a  double  salt ;  but  on  evaporating  the  mixture, 
the  double  salt  crystallises  in  yellow  rectangular  tables,  which,  when 
heated  above  100°,  melt  to  an  orange-yellow  liquid.  The  analysis  of 
these  crystals  gave  18-79  per  cent.  C,  4*81  H,  and  37*50  Au,  the 
formula  2(C8HiiN,HCl)  +  AuClg  requiring  1830  C,  4-57  H,  and 
37-94  Au. 


On  Butylic  Mercaptan  and  Butylic  Urethane.* 
By  E.  Humann. 

Butylic  Mercaptariy  C8H1QS2. — This  compound  is  easily  obtained 
by  distilling  at  the  heat  of  the  water-bath  a  mixture  of  solution  of 
sulph-hydrate  of  potassium  and  a  concentrated  solution  of  pure 
sulphobutylateof  potash,  taking  care  to  receive  the  product  in  a  well- 
cooled  flask.  The  oily  liquid  which  condenses  is  decanted,  placed  in 
contact  with  chloride  of  calcium,  and  then  distilled  with  the  thermo- 
meter, the  portion  which  distils  over  between  85°  and  95°  C.  being 
collected  apart. 

The  reaction  which  gives  rise  to  the  formation  of  butylic  mercaptan 
is  expressed  by  the  following  equation  : — 


CgHoO 


^^90J2S03  -f  S}S,  =  ^B^^js^  +  2(K0  .  SQ3). 

Sulphobutylate  Butylic 

of  potash.  mercaptan. 

Butylic  mercaptan  thus  obtained  is  a  colourless,  very  mobile  liquid, 
lighter  than  water,  and  having  the  peculiar,  disagreeable  odour  which 
characterises  the  mercaptans.  Sp.  gr.  0*848  at  11°*5  C.  Vapour- 
density  by  experiment,  3*10.  Calculation  from  the  formula  CgHjoSg 
gives  3*11  for  a  condensation  to  4  volumes.  Boils  at  88°  C.  Very 
inflammable,  and  burns  with  a  very  bright  blue  flame.  Very 
sparingly  soluble  in  water.  Mixes  in  all  proportions  in  alcohol 
and  ether.  Has  no  action  on  vegetable  colours.  Dissolves  sulphur 
and  iodine. 

*  Ami.  Ch.  Phys.  [3],  xliv.  337. 
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The  analysis  of  this  body  gave  the  following  results: — 

Experiment.  Calculated. 

Cg  53-33 

Hio  11*11 
§2  35-56 


Carbon    . 

53-52 

53-16 

Hydrogen 

11-71 

11-32 

Sulphur    . 

— 

— 

100-00 


Dilute  nitric  acid  acts  very  strongly  on  butylic  mercaptan ;  the 
liquid  becomes  red,  from  formation  of  a  certain  quantity  of  nitric 
oxide  which  dissolves  in  it ;  but  the  colour  disappears  on  heating,  and 
an  oily  liquid  is  then  found  on  the  surface. 

Butylic  mercaptan,  like  its  homologues,  forms  compounds  in  which 
its  basic  hydrogen  is  replaced  by  a  metal.  Thus,  when  it  is  heated 
with  potassium,  hydrogen  is  evolved,  and  a  white  granular  substance 
formed,  which  is  soluble  in  alcohol,  and  consists  of  butylosulphopotassic 

p    TT 

alcohol,       \     i^2'       ^^  pouring  an  alcoholic  solution  of  butylic 
mercaptan  into  acetate  of  lead,   a   yellow   crystalline  precipitate  is 

p    TT 

formed  containing     |)u  ^  j  83 . 

When  an  alcoholic  solution  of  butylic  mercaptan  is  poured  upon 
red  oxide  of  mercury,  a  rapid  action  takes  place,  attended  with  con- 
siderable elevation  of  temperature,  and  a  white  substance  is  formed 
consisting  of  butylomercaptide  of  mercury,  or  butylosulphomer curie 
alcohol : 

On  dissolving  the  product  in  boiling  alcohol,  and  leaving  the 
solution  to  cool,  the  compound  is  deposited  in  white  nacreous  scales, 
very  fusible,  and  unctuous  to  the  touch.  Their  composition  is  as 
follows  : — 


Expt.  (mean). 

Theory. 

Carbon     .     . 

.     25-78 

Cs 

25-39 

Hydrogen 

.       5-01 

H« 

4-76 

Mercury   .     . 

.     52-55 

llg 

52-91 

Sulphur    .     . 

— ' 

S2 

16-94 

100-00 

This  compound  is  decomposed  by  sulphuretted  hydrogen,  yielding 
sulphide  of  mercury  and  butylic  alcohol. 
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Butylic  mercaptan  acts  in  a  similar  manner  on  other  metallic  oxides  : 
thus  it  forms  white  precipitates  with  acetate  of  copper  and  ter- 
chloride  of  gold. 

Butylic  Urethancj  CiqHuNO^. — Obtained  by  the  action  of  gaseous 
or  liquid  chloride  of  cyanogen  on  butylic  alcohol, — its  formation  being, 
however,  accompanied  by  that  of  carbonate  of  butyl. 

SCgHjoOa  4-  C2NCI  =  C10H11NO4  +  CgHgCl, 
and 

2C8H10O2  +  C2NCI  -h  2H0  =  2(CgH90  .  CO.,)  +  NH4CI. 

Carbonate  of 
butyl. 

The  best  mode  of  preparing  butylic  urethane  is  to  pour  liquid 
chloride  of  cyanogen  into  butylic  alcohol.  The  reaction  takes  place 
quickly  with  the  aid  of  heat,  more  slowly  at  ordinary  temperatures. 
It  is  generally  indicated  by  the  formation  of  a  mass  of  crystals  within 
the  liquid,  in  case  the  butylic  alcohol  contains  a  little  water.  It  is 
complete  when  the  odour  of  chloride  of  cyanogen  has  completely  dis- 
appeared. The  best  mode  of  accelerating  it  is  to  heat  the  mixture  in 
a  sealed  tube  placed  in  the  water-bath.  After  cooling,  the  crystals 
must  be  well  pressed,  the  liquid  introduced  into  a  retort,  and  distilled. 
When  nearly  two-thirds  of  the  liquid  has  passed  over,  the  receiver  is 
to  be  changed,  and  the  portion  which  distils  over  above  220°  C. 
collected  apart.  This  product  is  an  oily  liquid  which  solidifies  on 
cooling,  and  partly  collects  in  the  neck  of  the  retort  in  a  shining 
crystalline  mass,  which  is  unctuous  to  the  touch :  this  is  butylic 
urethane.  It  must  be  carefully  collected  and  pressed  between  folds 
of  blotting-pap(;r.  It  is  finally  purified  by  crystallisation  from  boiling 
alcohol. 

Butylic  urethane  thus  prepared  forms  beautiful  nacreous  scales, 
which  are  very  brilliant,  unctuous  to  the  touch,  insoluble  in  water, 
soluble  in  alcohol  and  ether;  they  melt  at  a  very  gentle  heat,  and 
distil  without  alteration. 

The  analysis  of  these  crystals  gave  51*09  per  cent.  C,  and  9- IS  H  ; 
corresponding  with  the  formula  — 

C.oHuNO^,  or 

CO       )Q 

which  requires  51-28  C,  and  9-40  H. 
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The  first  portion  of  the  distillate  obtained  by  the  action  of  chloride 
of  cyanogen  on  butylic  alcohol  consists  of  Carbonate  of  Butyl.  On 
redistilling  this  liquid,  and  collecting  that  which  passed  over  between 
180°  and  190°  C._,  a  colourless,  very  mobile  liquid  was  obtiiined,  lighter 
than  water,  having  a  very  agreeable  odour,  and  yielding  by  analysis 
61-53  per  cent.  C,  and  10*65   H.      The  formula  CgHgO,  CO2,    or 


CA[ 


^"^^nl '   Inquires  6209  C,  and  10-34  H. 


CsHgO) 

Wurtz  had  previously  obtained  the  carbonate  of  ethyl  by  the  action 
of  chloride  of  cyanogen  on  common  alcohol. 


On    Aiiiylic    Alcoholi* 

By  L.   Pasteur. 

The  fusel-oil  of  commerce  consists  chiefly  of  a  mixture  of  two  kinds 
of  amylic  alcohol, — one  active,  and  the  other  inactive  with  regard  to 
polarised  light.  These  two  varieties  are  exactly  similar  in  their 
chemical  properties,  diifer  but  slightly  in  density  and  boiling  point, 
and  give  rise  under  similar  circumstances  to  products  which  resemble 
each  other  in  all  respects,  excepting  in  their  relation  to  polarised 
light,  those  which  are  derived  from  the  active  alcohol  being  themselves 
active,  and  those  which  result  from  the  inactive  alcohol  being  themselves 
also  inactive. 

The  proportion  of  the  active  and  inactive  alcohols  in  fusel-oil 
varies  according  to  its  origin  :  thus  the  fusel-oil  obtained  by  fermen- 
tation of  the  juice  of  mangold-wurzel  contains  about  one-third  of 
active,  and  two-thirds  of  inactive  amylic  alcohol,  whereas  that  which 
is  produced  by  fermentation  of  the  molasses  contains  about  equal 
parts  of  the  two  alcohols.  The  two  alcohols  cannot  be  separated  by 
fractional  distillation,  but  only  by  fractional  crystallisation  of  the 
active  and  inactive  sulphamylates  of  baryta.  For  this  purpose  it  is 
necessary  to  prepare  a  large  quantity  of  sulphamylate  of  baryta  from 
crude  amylic  alcohol  rectified  by  a  single  distillation  in  order  to  free 
it  from  water  and  vinic  alcohol.  The  amylic  alcohol  thus  far  purified 
is  mixed,  as  usual,  with  an  equal  weight  of  sulphuric  acid,  the 
mixture  treated  with  carbonate  of  baryta,  then  filtered  and  left  to 
crystallise.  The  crystals  have  all  the  same  aspect,  lustre,  form,  and 
angles ;  and,  as  in  the  case  of  a  perfectly  constant  and  homogeneous 
substance,  the  salt  may  be  crystallised  either  wholly  or  partially  any 

*  Ooiiipt.  reiid.  xli.  296. 
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number  of  times,  without  the  slightest  change  in  the  aspect  of  the 
crystals.  Nevertheless  the  mass  is  really  composed  of  two  kinds  of 
crystals  differing  in  solubility,  and  in  their  action  on  polarised  light, — 
one  being,  indeed,  active,  and  the  other  inactive.  They  are  very  diffi- 
cult to  separate,  in  consequence  of  their  complete  isomorphism. 
Nevertheless,  the  active  salt  is  22-  times  more  soluble  than  the  inac- 
tive ;  and  if  the  first  crystals  which  separate  be  recrystalli'sed  about 
20  times,  a  product  will  at  length  be  obtained  which  has  no  action  on 
polarised  light ;  and  by  repeatedly  crystallising  the  mother-liquor,  a 
solution  will  ultimately  be  left  containing  nothing  but  the  active  salt. 
Lastly,  on  extracting  from  these  two  varieties  of  the  sulphamylate,  the 
amylic  alcohol  of  which  they  contain  the  elements,  it  is  found  that  the 
more  soluble  salt  yields  an  amylic  alcohol  which  rotates  the  plane  of 
polarisation  to  the  left,  and  to  the  amount  of  20°  in  a  tube  50  centi- 
metres long,  while  the  less  soluble  salt  yields  an  amylic  alcohol  which 
has  no  perceptible  action  on  polarised  light. 

The  comparative  study  of  these  two  alcohols  exhibits  many  points 
of  interest.  Every  reaction  that  can  be  performed  with  the  one  may 
likewise  be  produced  with  the  other,  under  the  same  circumstances, 
and  the  resemblance  of  the  resulting  products  often  approaches  nearly 
to  identity,  without  ever  actually  attaining  it.  Moreover,  the  active 
alcohol  always  gives  active  products,  and  the  inactive  alcohol  inactive 
products,  provided  we  do  not  go  as  far  as  the  radical  CjoHu,  in  which 
reside  the  dissymmetry  of  the  molecules  and  the  action  on  polarised 
light.  One  of  the  most  remarkable  differences  exhibited  by  the  two 
alcohols  is  in  their  densities.  The  active  alcohol  is  heavier  than  the 
other,  and  the  difference  amounts  to  nearly  -iro'  Consequently, 
equal  volumes  of  the  two  alcohols  do  not  contain  equal  numbers  of 
molecules,  those  of  the  active  alcohol  being  more  crowded  than  those 
of  the  other ;  and  the  difference  is  considerable  for  a  phenomenon  of 
such  a  nature.  The  active  alcohol  boils  at  127°  to  128°  C,  under 
the  ordinary  pressure,  and  the  inactive  alcohol  at  129°.  The  mixture 
of  the  two  boils  at  intermediate  temperatures,  and  not  at  132°,  as  is 
commonly  stated. 
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On  Hyiiogaeic  Acid,  a  new  fatty  acid  obtained  from  Earthnut-oil.* 
By  A.  Crossmann  and  H.   Scheyeu. 

The  envthnui  ('Arachis  hypogaeayh.)  is  a  small,  low- growing,  legumi- 
nous plant,  which  grows  wild  in  South  America  and  on  the  south 
coasts  of  Africa  and  Asia,  and  is  cultivated  in  Italy,  Spain,  and  the 
South  of  France.  The  seeds,  which  ripen  only  when  the  pods  are 
covered  up  with  earth,  produce  a  large  quantity  of  a  nearly  colourless 
oil,  having  an  agreeable  taste.  This  oil  burns  with  a  bright  flame, 
forms  an  excellent  soap  with  alkalies,  and  mixes  very  readily  with 
essential  oils.  At  4-3°C.  it  yields  a  solid  fat  resembling  stearine, 
becomes  viscid  at  —3°  or  —4f,  and  solidifies  completely  at  —7°. 

This  oil  contains  two  fatty  acids,  viz.  Arachinic  acid,  belonging  to 
the  series  0^11^04,  and  Hypogctic  acid,  belonging  to  the  oleic  acid 
series,  CJ^^-<fi^.  Arachinic  acid  was  discovered  by  Gossmann,t 
who  obtained  it  by  saponifying  the  oil  with  very  strong  caustic  soda, 
decomposing  the  resulting  fat  with  hydrochloric  acid,  and  separating 
the  more  soUd  portion  of  the  fatty  acid  thus  obtained  by  repjated 
crystallisation  from  alcohol  and  by  pressure.  After  four  crystallisa- 
tions, a  solid  fatty  acid  was  obtained,  exhibiting  a  constant  melting 
point.  It  was  procured  in  larger  quantity  by  subjecting  the  mixed 
fatty  acids  to  Heintz's  method  of  fractional  crystallisation  of  the 
lead-salts.  Arachinic  acid  crystallises  in  very  beautiful  shiny  laminse ; 
acquires  a  nacreous  lustre  by  pressure ;  melts  at  75° ;  solidities  with 
radiating  structure  at  73*5°,  and  becomes  white  and  Hke  porcelain  by 
keeping.  When  pure,  it  dissolves  but  very  sparingly  in  cold  alcohol 
of  ordinary  strength,  sparingly  also  in  cold  absolute  alcohol,  readily 
in  hot  absolute  alcohol,  and  very  readily  in  ether.  Its  analysis  gave 
the  following  results  : — 

Calculated.  Found. 

40  C  240    76-92     76-84  76-84  7682   — 
40  H   40    12-82     12-96  12-93  1282  1282 
4  0   32    10-26 


C^oH^oO^  312   100-00 


The  formula  was  confirmed  by  the  analysis  of  arachinic  ether — 
^40  {  c  v\^  1  O4    prepared  in  the  usual  manner  by  passing  hydro- 


'4^^5 


chloric  acid  gas  into  an  alcoholic  solution  of  the  acid. 

*  Ann.  Ch.  Pharra.  xciv.  230.  f  Ibid.  Ixxxix.  1. 
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Hypogceic  acid,  C32N30O4,  more  recently  discovered  by  Gossmann 
and  Scheven,  is  obtained  as  follows  : — After  the  earthnut  oil  had  been 
saponified  with  caustic  soda,  and  the  separated  acids  purified  by  re- 
peated fusion  in  water,  they  were  dissolved  in  alcohol,  precipitated 
with  acetate  of  magnesia  and  ammonia,  and  the  liquid  filtered.  The 
filtrate  was  then  mixed  with  an  excess  of  alcoholic  solution  of  acetate 
of  lead  and  excess  of  ammonia,  and  left  at  rest  for  several  days.  As 
soon  as  the  precipitate  ceased  to  increase,  it  was  collected,  dried  as 
quickly  as  possible  by  pressure,  and  thoroughly  exhausted  with  ether 
in  a  well-closed  cylindrical  vessel.  The  ethereal  solution  of  the  lead- 
salt  was  then  mixed  with  a  slight  excess  of  dilute  hydrochloric  acid, 
access  of  air  being  as  far  as  possible  prevented ;  the  chloride  of  lead 
filtered  off ;  and  the  filtrate  several  times  shaken  up  with  water  freed 
from  air  by  boiling.  As  soon  as  the  ethereal  solution  of  the  oleic 
acid  had  become  clear,  it  was  taken  off  and  set  aside  in  a  well-closed 
stoppered  cylinder  till  the  temperature  became  favourable  for  the 
examination  of  the  acids.  The  greater  part  of  the  ether  was  then 
carefully  distilled  off  in  the  water-bath.  As  the  liquid  cooled,  an  acid 
crystallised  out,  which  had  a  slight  yellowish  colour ;  but  by  gentle 
pressure  and  recrystallisation  from  alcohol,  it  was  obtained  quite  white 
and  in  needle-shaped  masses.  In  solution  there  remained  a  yellowish 
acid,  which  was  probably  altered  by  oxidising  influences.  At  a  lower 
temperature,  this  also  crystallised  completely  in  a  mass  of  yellowish 
stellate,  needle-shaped  crystals,  which  by  recrystallisation  from  alcohol 
were  likewise  obtained  colourless.  The  several  crops  of  crystals  thus 
purified  constitute  the  new  acid — hypogceic  acid — which  is  charac- 
terised by  the  following  properties. 

It  consists  of  colourless  acicular  aggregates ;  melts  at  34°  to  35°  C. ; 
dissolves  readily  in  alcohol  and  ether;  saponifies  pretty  easily  even  in 
the  cold  ;  becomes  yellowish  red  on  exposure  to  the  air,  acquiring  at 
the  same  time  an  extremely  rancid  odour,  and  an  acid  reaction.  The 
acid,  when  thus  altered,  crystallises  with  great  difficulty  even  at  a  very 
low  temperature.  In  this  respect  it  bears  some  resemblance  to  ordi- 
nary oleic  acid. 

For  analysis,  the  acid  was  brought  to  a  constant  weight  at  100°  C. 
with  as  little  access  of  air  as  possible. 


32  C     . 

30  H     . 

4  0     . 

Ca] 

.  192 
.     30 
.     32 

254 

Iculated. 

75-59 
11-81 
12-60 

Found. 

75-50     7568 
11-70     11-81 

75-51 
11-79 

^'92^30^4 

10000 
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Copper-salty  C32H29CU4O4. — Prepared  by  passing  an  excess  of  dry 
ammoniacal  gas  into  an  alcoholic  solution  of  the  purified  acid,  and 
adding  an  alcoholic  solution  of  acetate  of  copper.  The  solution 
remained  clear  at  first,  but  when  cooled  to  a  low  temperature,  depo- 
sited a  fine,  light  blue,  granular,  crystallised  compound,  which,  when 
quickly  and  carefully  dried,  remained  unaltered,  contained  no  am- 
monia, and  dissolved  with  tolerable  facility  in  alcohol,  forming  a  clear 
solution.  At  75°  C.  it  baked  together,  becoming  translucent  and 
waxy.  Dried  at  100°,  it  yielded  67*27  per  cent,  carbon,  and  lO'dO 
hydrogen,  the  formula  requiring  67*36  and  10' 17. 

Baryta-salt,  C32H29Ba04. — Obtained,  like  the  copper-salt,  in  the 
form  of  a  white  granular  precipitate,  which  dissolved  when  heated, 
leaving  only  a  small  quantity  of  a  very  basic  salt.  The  solution  on 
cooling  yielded  a  granular  crystalline  salt,  containing  24*08  per  cent. 
BaO  ;  the  formula  requires  23*81. 

Hypoyceic  ether ,  C32  [  p  rj^^  \  0^. — This  compound  was  prepared 

by  passing  dry  hydrochloric  acid  gas  into  a  solution  of  the  purified  acid 
in  95  per  cent,  alcohol,  as  long  as  it  continued  to  be  absorbed ;  then 
heating  the  liquid,  leaving  it  to  stand  for  24  hours,  and  repeating  the 
whole  process  with  the  layer  of  ether  thus  obtained.  The  product, 
after  being  freed  from  hydrochloric  acid  by  shaking  up  with  water, 
and  from  free  hypogseic  acid  by  treating  it  with  small  quantities  of 
alcohol,  was  dried  in  a  retort  at  100  to  120°  in  a  stream  of  carbonic 
acid  gas,  and  analysed. 


Calculated. 

Found. 

36  C     . 

.  216         76*59 

76*56     76*91 

76*72 

34  H     . 

.     34         12-05 

1201     11-92 

11*93 

40     . 

.     32         11*36 

282       100*00 

Hypogseic  ether  has  a  yellowish  colour,  probably  arising  from  slight 
impurity ;  it  is  not  volatile,  heavier  than  alcohol  (at  the  bottom  of 
which  it  collects),  lighter  than  water.  It  is  insoluble  in  water,  and 
dissolves  very  sparingly  in  alcohol,  whence  the  latter  is  well  adapted 
to  free  it  from  unetherised  acid. 

The  authors  endeavoured  also  to  ascertain  whether  the  earthnut-oil 
contains  any  other  acid  of  the  oleic  series  besides  hypogyeic  acid.  For 
this  purpose,  the  entire  quantity  of  acid  separated  from  the  ethereal 
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solution  of  the  lead-salt  obtained  from  a  certain  portion  of  the  oil 
was  converted  into  ether,  and  the  ether  analysed.  This  ether  gave 
quantities  of  carbon  and  hydrogen  agreeing  exactly  with  the  above  ; 
hence,  as  the  lead-salts  of  all  the  acids  of  the  oleic  series  are  soluble 
in  ether,  it  may  be  concluded  that  no  other  acid  of  that  series  is  con- 
tained in  the  oil. 


On  Papaverine.* 
By   T.    Anderson. 


In  the  mother-liquors  obtained  in  the  purification  of  narcotine  by 
repeated  crystallisation  from  boiling  alcohol,  Anderson  has  found, 
besides  narcotine,  the  more  soluble  alkaloid  papaverine.  This  body  is 
obtained  free  from  narcotine  by  finely  pulverising  the  last  crystals 
obtained  from  the  mother-liquors,  and  digesting  the  powder  with  a 
small  quantity  of  acetic  acid,  which  then  combines  only  with  the 
papaverine.  As  soon  as  the  liquid  becomes  neutral,  it  is  decanted, 
the  residue  again  treated  with  a  small  quantity  of  acetic  acid,  and  this 
treatment  repeated  as  long  as  the  acetic  acid  is  completely  neutralised 
by  contact  with  the  residue.  From  the  liquid  filtered  from  the  un- 
dissolved narcotine,  the  papaverine  was  precipitated  by  ammonia  and 
recrystallised  from  boiling  alcohol.  Papaverine  was  obtained  in  con- 
siderable quantity  from  the  mother-liquor  remaining  after  the  first 
crystallisation  of  the  crude  narcotine,  by  precipitating  that  liquid  with 
subacetate  of  lead;  boiling  the  finely  pulverised  precipitate  with 
alcohol ;  driving  off  the  alcohol  from  the  dark  alcoholic  decoction ; 
treating  the  residue  with. dilute  hydrochloric  acid;  concentrating  the 
hydrochloric  acid  solution  of  narcotine  and  papaverine  filtered  from  the 
black  resinous  matter  ;  removing  from  the  liquid  the  crystals  of  the 
sparingly  soluble  hydrochlorate  of  papaverine,  which  separate  in  a  few 
days ;  purifying  them  by  repeated  recrystallisation  ;  separating  out  the 
base  by  means  of  ammonia;  and  purifying  it  by  recrystallisation  from 
boiling  alcohol.  The  analysis  of  the  product  thus  obtained  exhibited 
the  composition  found  by  Merck, t  viz.  C40H21NO8. 


*  Ed.  Phil.  Trans,  xxi.  Pt.  1 ;  Ann.  Ch.  Pharm.  xciv.  235. 
t  Ann.  Ch.  Pharm.  Ixxiii.  50. 
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Found. 

Calculated. 

Carbon 

70-71 

"""Weo^ 

"7058 

C40     70-79 

Hydrogen 

6-29 

6-46 

6-46  • 

H21      6-20 

Nitrogen* 

4-40 

3-96 

— 

N         4-14 

Oxygen     , 

18-60 

18-96 

— 

Og      18-78 

The  platinum-salt  gave  17*82  per  cent,  platinum,  the  calculated 
quantity  being  18-10. 

Action  of  Nitric  Acid. — Papaverine  dissolves  in  dilute  nitric  acid 
without  decomposition ;  but  on  mixing  the  solution  with  an  excess, 
especially  of  strong  nitric  acid,  and  heating  the  liquid,  a  vivid  action 
takes  place ;  red  fumes  are  evolved ;  the  liquid  assumes  a  deep  red 
colour ;  and  orange-coloured  crystals  separate  out  from  it,  consisting 
of  the  nitrate  of  a  new  base,  Nitropapaverine.  This  base  separates 
from  a  solution  of  the  salt  in  boiling  water  or  in  excess  of  nitric 
acid,  on  addition  of  ammonia,  in  the  form  of  a  light  yellow  flocculent 
precipitate,  and  after  recrystallisation  from  boiling  alcohol  is  obtained 
in  needles.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether, 
blues  reddened  litmus  paper,  dissolves  in  acids,  and  neutralises  them 
completely,  forming  salts  which  are  all  of  a  pale  reddish  yellow  colour, 
and  insoluble  in  water.  It  fuses  when  heated,  and  burns  away 
quickly  at  a  higher  temperature.  When  boiled  with  strong  solution 
of  potash,  it  gives  off  traces  of  a  volatile  base.  It  does  not,  like 
papaverine,  give  a  purple  colouration  with  sulphuric  acid.  Its  com- 
position is  C4oH2o(N04)N08. 


Calculated. 

Found. 

40  C      . 

.     .  240 

62-50 

62-31 

20  H     . 

.     .     20 

5-20 

5-21 

2  N     . 

.     .     28 

7-29 

12  0      . 

.     .     96 

25-01 

384 


100-00 


The  crystals  which  separate  from  the  alcoholic  solution  retain  1  eq. 
of  water  (2-29  per  cent.) 

The  nitrate  of  nitropapaverine  prepared  as  above  forms  four- sided 


*  Anderson  observe  i  tliat  papaverine  precipitated  by  ammonia  appears  to  carry 
sonic  of  the  ammonia  down  with  it,  which  makes  the  nitrogen  determination  come 
out  to6~high.  The  second  of  tlic  above  determinations  of  nitrogen  was  made  with 
papaverine  which  had  been  precipitated  hy  potash. 
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tables  generally  of  an  orange  colour,  but  yellow  when  quite  pure. 
The  crystals  are  anhydrous.  It  is  nearly  insoluble  in  cold,  somewhat 
more  soluble  in  boiling  water,  and  dissolves  abundantly  in  water  mixed 
with  nitric  or  hydrochloric  acid ;  dissolves  also  in  alcohol  and  ether. 
When  heated,  it  melts  and  burns  quickly  away,  leaving  a  black  sub- 
stance, which  also  burns  completely  away  at  a  stronger  heat.  Its 
composition  is  C^oH.^y(N04)N08  .  HO  .  NO5. 


Found. 

Carbon     . 

.  53-68 

Hydrogen 

.     4-95 

Nitrogen  . 

— 

Oxygen     . 

— 

'40 
21 


H 

N. 


Calculated. 

53-69 
4-69 
9-38 

32-24 

100-00 


Sulphate  of  nitropapaverine  dissolves  sparingly  in  water,  and  crys- 
tallises in  small  prisms. 

Hydrochlorate  of  nitropapaverine  likewise  dissolves  but  sparingly  in 
water,  but  readily  in  excess  of  hydrochloric  acid,  and  in  alcohol ;  it 
crystallises  in  pale  yellow  needles.  Bichloride  of  platinum  added  t  ts 
solution  throws  down  the  platinum-salt,  €401120(^04)  NOgHCl .  PtCla 
in  the  form  of  a  pale  yellow  precipitate. 


Found. 

Calculated 

Carbon 

.  40-47 

C40     . 

.     40-66 

Hydrogen 

3-80 

H..    . 

.       3-55 

Nitrogen  . 

— 

N3      . 

.      4-72 

Oxygen    . 

— 

On     . 

.     16-26 

Chlorine  . 

— 

CI3     . 

.     18  09 

Platinum .     , 

16-56 

Pt       . 

.     16-72 

100-00 


Action  of  Bromine. — When  bromine-water  is  added  by  drops  to  a 
solution  of  hydrochlorate  of  papaverine,  a  precipitate  is  formed  which 
redissolves  at  first,  but  afterwards  remains  permanent ;  this  precipitate 
is  the  hydrobromate  of  Bromopapaverine.  From  this  salt,  the  base 
itself  is  readily  obtained  by  digestion  with  ammonia  and  recrystallisa- 
tion  from  boiling  alcohol ;  as  the  solution  cools,  the  base  separates  in 
small  white  needles,  which  are  insoluble  in  water,  but  readily  soluble 
in  alcohol  and  ether.  The  crystallised  base  is  anhydrous,  and  its 
composition  C4,jH2oBrN08. 
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Carbon  . 
Hydrogen 
Nitrogen  . 
Oxygen  . 
Bromine  . 


Found. 

57-23 
5-02 


19-45 


Calculated. 

C40  • 

.     57-41 

H20  . 

.       4-78 

N  .     . 

.       3-34 

Os      . 

.     15-34 

Br       . 

.     1913 

10000 


The  hydrobromate  is  obtained,  as  above  mentioned,  from  the  concen- 
trated liquid,  as  a  yellowish,  but  from  a  more  dilute  solution  as  a  white 
precipitate ;  from  the  solution  in  boiling  alcohol,  it  separates  in  the 
form  of  a  crystalline  powder ;  it  is  insoluble  in  water.  When  heated, 
it  melts  and  decomposes.     Its  composition  is  C2oH2oBrN08 .  HBr. 


Found. 

Calculated 

Carbon     . 

48-36 

C40 

.     48-09 

Hydrogen 

4-35 

H21 

.       4-20 

Nitrogen  . 

— 

N.     . 

.       2-80 

Oxygen    . 

— 

Os 

.     .     12-85 

Bromine  . 

32-48 

Br^ 

.     32-06 

10000 


Hydrochlorate  of  bromopapaverine  dissolves,  though  sparingly,  in 
water. 

Action  of  Chlorine. — When  chlorine  gas  is  passed  into  a  solution 
of  hydrochlorate  of  papaverine,  the  liquid  becomes  brown,  and  after  a 
while  deposits  a  dingy  grey  precipitate,  which  is  insoluble  in  water, 
but  dissolves  in  boiling  alcohol,  and  separates  from  that  solution  in  the 
form  of  a  resin.  Ammonia  withdraws  hydrochloric  acid  from  it,  and 
leaves  undissolved  a  pulverulent  substance,  which  is  a  basic  chlorinated 
substitution-product. 

Action  0/  Iodine. — An  alcoholic  solution  of  papaverine  mixed  with 
tincture  of  iodine,  yields  after  a  while  small  crystals,  which,  when 
reciystallised  from  boiling  alcohol,  form  rectangular  prisms,  having  a 
purple-red  colour  by  reflected,  and  dark  red  by  transmitted  light. 
They  are  insoluble  in  water,  are  not  attacked  by  dilute  acids,  but  are 
quickly  decomposed  by  ammonia  and  potash,  papaverine  then  re- 
maining. Their  composition  is  C40H21NO8  +  3I.  When  the  liquid 
separated' from  these  crystals  is  evaporated,  another  compound  sepa- 
rates out,  which,  after  recrystallisation  from  alcohol,  forms  thin 
needles,  exhibiting  an  orange-colour  by  transmitted  light,  but  leaving 
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a  reddish  surface.      This  compound  remains  unaltered  at  100°,  but 
gives  off  iodine  at  a  higher  temperature.     Its  composition  is 

C40H21NO3+51. 


C40H21 

NO3  +  31. 

^40^2 

NOg  +  SI. 

Found. 

Caloulated. 

Found. 

Calculated 

Carbon 

.  3302 

33-47 

24-78 

24-76 

Hydrogen . 

.     3-21 

2-92 

2-59 

2-16 

Nitrogen   . 

— 

1-95 

— 

1-44 

Oxygen     . 

— 

8-95 

— 

6-63 

Iodine  .     . 

.  52-90 

52-71 

64-60 

65-01 

100-00 


100-00 


Action  of  Soda-lime, — When  papaverine  is  heated  with  four  times 
its  weight  of  soda-Ume,  a  volatile  base  is  evolved,  the  platinum  salt 
of  which  contains  36-21  per  cent,  of  platinum,  a  result  intermediate 
between  the  quantities  of  platinum  in  the  corresponding  salts  of 
propylamine  and  ethylamine.  Anderson  thinks  it  probable  that  both 
these  bases  were  present. 


On  the  TolatUe  Bromine-compound  obtained  in  tiie  Teclinical 

Preparation  of  Bromine.* 

By  M.  Hermann. 

In  the  preparation  of  bromine  from  the  last  portions  of  the  mother- 
liquor  obtained  from  the  Schonebeck  salt-spring,t  there  distils  over, 
together  with  the  free  bromine,  an  oily  liquid,  which,  being  less  vola- 
tile than  bromine  itself,  remains  in  the  first  of  the  series  of  receivers 
used  to  condense  the  products.  This  substance  was  formerly  regarded 
by  Hermann  as  a  definite  compound  C2HBr2,  the  variations  in  its 
boiling  point  being  attributed  to  the  facility  with  which  it  decom- 
poses; but  later  experiments,  perforuied  with  a  larger  quantity  of 
material,  have  shown  that  this  view  is  incorrect,  and  moreover  that 
the  liquid  cannot  be  brought  to  a  definite  state  by  fractional  distil- 
lation, even  in  an  atmosphere  of  carbonic  acid.     By  subjecting  the 


*  Ann.  Ch.  Pharm.  xcv.  211. 
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liquid,  however,  to  the  following  treatment,  a  definite  compound  is 
obtained  from  it. 

The  oily  liquid  cooled  to  —20°  C.  by  a  mixture  of  ice  and  salt,  soli- 
difies for  the  most  part  in  white  shining  crystalline  laminae.  To 
purify  these,  the  mother-liquor  is  carefully  decanted,  the  crystals 
melted,  again  crystallised  and  separated  from  the  mother-liquor,  and 
these  operations  several  times  repeated.  The  solidified  mass,  after 
being  freed  as  completely  as  possible  from  the  mother-liquor,  is  then 
introduced  into  a  capacious  funnel,  in  the  apex  of  which  is  placed  a 
small  perforated  filter.  At  first  the  principal  part  of  the  mother- 
liquor  runs  off,  and  the  rest  is  displaced  by  the  liquid  proceeding  from 
the  gradually  melting  crystals.  The  product  which  last  drips  from 
the  melting  crystals  may  be  regarded  as  perfectly  pure.  If  the 
mother-liquor  obtained  as  above  be  again  treated  in  the  same  manner, 
a  product  is  ultimately  obtained  which  no  longer  crystallises  at 
-20°  C. 

The  melting  point  of  the  crystals  is  —  9°C.  :  if  they  have  previously 
been  completely  dehydrated  by  remaining  some  time  over  dry  chlo- 
ride of  calcium,  they  form  in  the  melted  state  a  colourless,  very 
mobile  liquid,  having  a  saccharine  taste,  with  a  very  persistent 
burning  aftertaste.  When  exposed  to  the  air,  they  decompose  to  a 
certain  extent,  assuming  a  red  colour,  from  the  presence  of  free  bro- 
mine. When  distilled  even  in  a  stream  of  carbonic  acid,  they  are 
decomposed  in  the  same  manner  as  the  crude  liquid,  a  small  quantity 
of  the  above-mentioned  bromide  of  carbon  being  ultimately  formed. 
When  exposed  to  the  action  of  chlorine  in  sunshine,  the  liquid  is 
gradually  but  completely  converted  into  solid  chloride  of  carbon. 

The  analysis  of  the  crystals  gave  the  following  results  : — 


2C 
H 
3  Br 


Calculation. 

Expt.  (mean). 

.     12 

4-74 

4-80 

.       1 

0-40 

043 

.  240 

94-86 

94-77 

CaHBr,  253  10000  100-00 

The  substance  appears,  therefore,  to  be  Bromoform ;  in  fact,  it 
agreed  perfectly  in  composition  and  properties  with  a  sample  of  that 
compound  prepared  in  the  ordinary  way.  Its  formation  is  due  to  the 
action  of  the  free  bromine  on  the  highly  carboniferous  organic  matters 
contained  in  the  mother-liquor  of  the  salt-spring. 

It  is  generally  supposed  that  bromoform,  like  chloroform,  is  con- 
verted by  caustic  potash  into  bromide  of  potassium  and  formiate  of 
})otash.     This,  however,  is  not   the  case.     Not  a  trace  of  formic  acid 
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is  produced,  and  i\}e  reaction  is  different  according  as  the  hydrate  of 
potash  is  used  in  the  free  state,  or  dissolved  in  alcohol. 

When  hydrate  of  potash  is  brought  in  contact  with  bromoform,  no 
action  takes  place  at  first,  but  after  a  while  the  mass  becomes  so 
strongly  heated  that  the  bromoform  begins  to  distil  over,  and  at  the 
same  time  a  gas  is  evolved,  which,  when  freed  by  agitation  with  water 
from  a  small  quantity  of  diffused  bromoform,  exhibits  the  characters 
and  composition  of  pure  carbonic  oxide.  The  decomposition  is  expressed 
by  the  following  equation  : — 

CjHBr  +  3K0  =  2C0  H-  HO  +  3KBr, 

and  is  analogous  to  that  which  the  corresponding  oxygen-compound, 
viz.  formic  acid,  undergoes  under  the  influence  of  sulphuric  acid. 

With  an  alcoholic  solution  of  potash,  on  the  other  hand,  the  evolved 
gas  is  a  mixture  of  carbonic  oxide  and  olefiant  gas,  the  latter  pro- 
ceeding from  the  alcohol,  which,  under  these  circumstances,  is  resolved 
into  olefiant  gas  and  water,  its  decomposition  being  induced  by  that 
of  the  bromoform.  The  relative  quantities  of  carbonic  acid  and  ole- 
fiant gas  thus  produced,  vary  with  the  degree  of  concentration  of  the 
alcoholic  solution  of  potash  ;  but  it  is  especially  remarkable  that  the 
simultaneous  decompositions  of  the  bromoform  and  alcohol,  though 
not  connected  by  any  mutual  action,  nevertheless  take  place  in  simple 
atomic  proportions  :  so  that,  for  example,  1  atom  alcohol  is  decom- 
posed for  every  3  atoms  bromoform  ;  or,  with  a  differently  concentrated 
solution,  5  atoms  bromoform  to  3  atoms  alcohol ;  thus  affording  an 
example  of  the  remarkable  law  discovered  by  Bunsen  relating  to  the 
coefficients  of  affinity. 

The  non-crys.tallisable  portion  of  the  original  liquid  appears  to 
contain  protobromide  of  carbon,  C2Br2. 
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XII. — On  the  Volatile  Oil  of  *'  Ptychotis  Ajwan^ 
By  R.  Haines,  M.B., 

PEOFESSOR  OF  MATERIA  MT  DICA  IN  THE  GRANT  MEDICAL  COLLEGE,  BOMBAY. 

This  umbelliferous  plant  grows  abundantly  in  Uajpootana  and  in 
various  other  parts  of  Central  India.  The  fruit  is  short,  compressed 
laterally ;  and  in  shape,  size,  and  appearance,  very  closely  resembles 
that  of  Coniani  macalatam.  It  has  a  powerful  and  agreeable  odour 
of  thyme.  The  process  of  extracting  its  volatile  oil  is  well  known  to 
the  natives,  and  is  practised  pretty  extensively  in  the  state  of  Judoro 
and  the  neighbouring  territories.  The  oil  is  used  by  the  native 
doctors  as  a  carminative,  under  the  name  of  Ajwa  he  tel,  or  Ajwa  oil. 
This,  as  sold  in  the  Bombay  bazaars,  is  of  a  dark  amber-yellow  colour, 
somewhat  viscid,  and  not  pouring  freely,  as  if  loaded  with  resin  or 
fixed  oil.     It  has  a  pure  odour  of  thyme. 

Redistilled  with  water,  it  yielded,  after  cohobating  the  water  several 
times,  a  little  more  than  one-fourth  of  its  bulk  of  a  limpid  bright 
yellow  oil.  The  residue  was  a  dark  orange-yellow,  viscid,  oily  liquid, 
almost  free  from  odour. 

This  residue  was  sparingly  soluble  in  alcohol,  even  when  boiling, 
and  itself  dissolved  an  appreciable  quantity  of  alcohol.  On  evaporating 
the  alcoholic  solution,  the  oil  was  obtained  unchanged  in  its  pro- 
perties. It  did  not  appear  to  contain  resin.  It  was  more  soluble  in 
ether.  Boiled  with  potash  it  formed  a  soluble  soap.  Under  a  heat 
gradually  increasing  to  near  redness,  it  was  converted  into  volatile 
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liquid  and  gaseous  products,  giving  off  the  pungent  odour  of  acrolein. 
A  small  residue  of  carbon  was  left  in  the  retort.  Warmed  with 
solution  of  pernitrate  of  mercury,  it  did  not  solidify  or  under^^o  any 
material  change,  beyond  becoming  of  a  darker  colour  and  somewhat 
more  viscid.  It  consisted,  therefore,  essentially  of  a  siccative  fixed 
oil, — probably  poppy  oil,— with  which  the  volatile  oil  had  been 
adulterated. 

The  rectified  oil,  distilled  by  itself,  began  to  boil  at  350°  F.,  the 
boiling  point  slowly  rose  to  366°,  at  which  about  one-third  came 
over,  and  then  advanced  more  rapidly  to  450°.  A  small  dark-coloured 
residue  was  left  in  the  retort. 

The  product  by  repeated  fractional  distillation  was  separated  into 
two  portions,  one  boiling  at  353°,  the  other  at  440° — 450°;  the 
former  amounting  to  about  two-thirds,  the  latter  to  one-third  of  the 
whole. 

The  more  volatile  portion  was  colourless,  refracted  light  strongly, 
and  had  a  peculiar,  sweetish,  smoky  odour,  reminding  somewhat  of 
caraway,  but  entirely  distinct  from  that  of  thyme.  Digested  over 
powdered  chloride  of  calcium,  and  re- distilled,  it  retained  the  same 
boiling  point.  Re-distilled  over  hydrate  of  soda,  its  boiling  point 
was  reduced  to  347**,  at  which  it  remained  constant.  Its  specific 
gravity  at  80°  was  0*845. 

Burnt  with  oxide  of  copper,  the  following  results  were  obtained:  — 

I.  669  grains  gave  6*43  water. 
II.  8-62      „        „     8-20      „      and  28-51  carbonic  acid. 
III.  7-59      „        „     7-35      „       „    24-92        „ 

Found. 


—  90-20         89-54 

10-68         10-57         10-76 


Calculated. 

20  C 

120 

89-55 

14  H 

14 

10-45 

134     10000  100-77       10030 


It  is,  therefore,  isomeric  if  not  identical  with  cymole — C2oHj4. 

The  portion  which  boiled  at  440° — 450°  had  a  yellowish  colour, 
which  could  not  be  removed  by  repeated  distillation.  Its  odour  was 
that  of  the  original  oil,  but  more  concentrated.  When  kept  for 
several  days,  it  did  not  crystallise;  but  on  throwing  into  it  a  minute 
fragment  of  the  stearoptene  previously  deposited  from  the  oil,  crys- 
tals began  to  form  immediately,  and  in  a  few  hours  it  had  become 
almost  wholly  converted  into  nearly  colourless  crystals,  forming  flattish 
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tables  of  a  rhomboidal  shape,  surrounded  by  a  dark  yellow  oily  liquid. 
By  pressure  between  folds  of  blotting  paper,  the  crystals  were  obtained 
dry  and  pure. 

They  were  then  found  to  be  identical  with  the  crystals  sold  in  the 
bazaar  as  Ajwa  ka  phul,  or  flowers  of  Ajwa.*  They  have  a  powerful 
odour  of  thyme,  and  a  hot  and  very  pungent  taste ;  are  insoluble  in 
water,  but  freely  soluble  in  alcohol,  ether,  and  volatile  oils.  At  127°  F. 
they  melt  to  a  colourless  liquid,  which  begins  to  boil  at  439°;  but 
the  temperature  quickly  rises  to  447°,  at  which  the  whole  comes  over. 
The  distilled  liquid  is  colourless,  not  so  strongly  refractive  as  the  more 
volatile  liquid,  and  it  may  be  kept  for  weeks  in  closed  vessels  in  a  fluid 
state,  until  a  fragment,  however  minute,  of  its  crystal  is  thrown  in, 
when  crystallisation  instantly  begins  in  all  directions  throughout  the 
liquid.  The  latter  was  neutral  to  test-paper.  Its  specific  gravity  at 
78°  was  0-939. 

Sulphuric  acid  combines  with  it  without  charring,  forming  a 
colourless  or  pinkish  crystalline  mass,  soluble  in  water  and  yielding  a 
soluble  salt  with  baryta. 

Nitric  acid,  aided  by  heat,  oxidises  it  rapidly,  and  gives  rise  to  the 
production  of  a  gamboge-yellow,  sticky  resin. 

A  crystal  thrown  into  nitro-muriatic  acid  causes  the  instant  forma- 
tion of  a  dark  green  colour,  which  passes  after  a  few  minutes  into 
brown,  with  the  formation  of  a  resin. 

It  did  not  combine  with  hydrate  of  soda,  or  with  a  strong  solution 
of  potassa.     Heated  with  solid  potassa,  it  yielded  no  ammonia. 

It  was  analysed  by  combustion  with  oxide  of  copper. 

I.  5'31  grains  yielded  4*57  of  water.     (The  carbonic  acid  was  lost.) 
II.  5-73      „  „      4'93       „         and  16-75  of  carbonic  acid. 

III.  6-67      „  „       5-72       „  19-43 

Its  composition  is,  therefore,  as  follows  : — 

Calculated.  Found. 


I. 

II. 

III. 

20  C 

120 

8000 

— 

79-72 

79-45 

14  H 

14 

9-33 

9-56 

9-56 

9-53 

20 

10 

10-67 

— 

10-72 

1002 

150 

100-00 

100-00 

100-00 

*  I  have  not  been  able  to  discover  by  what  method  the  natives  contrive  to  obtain 
the  stearoptene  from  tlie  oil  :  it  is  probably  so  loaded  with  it  as  to  crystallise  out  on 
dropping  in  a  fragment  ready  formed,  without  its  being  necessary  to  re-distil  tlie  oil. 
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It  is  evidently,  therefore,  identical  with  the  stearoptene  of  the  oil 
of  thyme,  or  thymole,  described  by  M.  Lallemand  in  the  Comptes 
rendus  of  Sept.  26th,  1853.  I  could  not  observe,  however,  the  pro- 
perty which  M.  Lallemand  assigns  to  thymole, — of  combining  with 
caustic  alkalies.  The  reaction  with  nitro-muriatic  acid  is  also,  T 
believe,  new. 

Oil  of  Ajwa,  then,  combines  the  properties  of  the  oils  of  cumin 
and  thyme,  having  the  hydrocarbon  of  the  one,  and  the  oxidised  oil 
of  the  other,  thus  : — 

^20^14     =Cymole  — Hydrocarbon  of  Ajwa  oil; 
C20H 1402= Thymole — Stearoptene  of  ditto; 

and  it  thus  presents  an  exception  to  the  general  relation  of  the  com- 
ponents of  volatile  oils,  the  stearoptene  being  simply  the  hydrocarbon 
plus  oxygen,  without  the  separation  of  any  portion  of  the  hydrogen. 


XIII. — On  Azohenzole  and  Benzidine, 
By   Alfred    Noble, 

ASSISTANT    IN    THE    EOTAL   COLLEaE    OF   CHEMISTET. 

While  converting  nitrobenzole  into  aniline  by  M.  A.  Bechamp's 
modification  of  Zinin^s  process,  I  observed  a  few  facts,  which  I  beg 
permission  to  lay  before  the  Chemical  Society. 

M.  Bech amp's  process  consists  in  reducing  the  nitrobenzole  by  a 
mixture  of  iron  filings  and  acetic  acid  ;  and  his  method  is  remarkable 
for  the  facility  with  which  the  conversion  of  the  nitrobenzole  is 
effected, — the  former  method,  as  chemists  will  recollect,  being  slow 
and  extremely  imperfect.  The  proportions  recommended  by  M. 
Bechamp^  are  2  parts  of  nitrobenzole,  2  parts  of  acetic  acid,  and 
3  parts  of  iron  filings.  In  an  experiment  in  which  the  amount  of 
iron  was  considerably  increased  above  the  proportions  indicated,  I 
found  that  the  result  of  the  operation  materially  differed  from  what 
M.  Bechamp  had  observed.  The  first  portion  of  the  distillate,  as 
in  M.  Bechamp's  process,   consisted   essentially  of  aniline,  mixed 

*  Ann.  Ch.  Phys.  xlii. 
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with  a  small  amount  of  nitrobenzole  which  had  escaped  decom- 
position ;  whilst  the  last  product, — about  one-third  of  the  whole,  — 
was  a  liquid  of  a  deep  red  colour,  which  solidified  in  the  neck  of  the 
retort  and  in  the  condenser-tube  into  a  beautifully  crystalline  com- 
pound. 

The  results  of  several  repetitions  of  this  operation  satisfied  me  that 
the  largest  quantity  of  this  substance  was  obtained  if  the  amount  of 
iron  employed  was  double  that  recommended  by  M.  Bechamp, 
viz.  3  parts  of  iron  to  1  of  nitrobenzole  and  1  of  acetic  acid. 

This  red  crystalline  substance  was  purified  by  washing,  first  with 
HCl  (to  separate  any  adhering  aniline),  then  with  water,  and  after- 
wards dissolving  in  boiling  alcohol,  when,  on  cooling,  yellowish-red 
crystalline  plates  were  deposited.  These  crystals  were  recrystallised 
once  more  from  alcohol,  and  dried  in  the  water-bath,  at  which  tempe- 
rature they  fused :  their  composition  was  determined  by  a  combus- 
tion with  oxide  of  copper. 

0*26   grm.  of  substance  gave  : 

0-755  grm.  of  CO2,  and  0-134  grm.  of  HO. 

These  numbers  lead  to  the  formula  of  azobenzole,  C12H5N,  as  may 
be  seen  from  the  following  comparison  of  the  theoretical  and  experi- 
mental numbers  : — 

Theory. 


Equivalent. 

Percentage. 

Experiment. 

Ca.      . 

.     72 

79-12 

79-19 

H5       • 

.       5 

5-49 

5-69 

N 

.     14 

15-39 

— 

91  10000 

Perfectly  pure  azobenzole  may  be  obtained  in  this  manner  with 
greater  facility  than  by  any  other  process. 

A  portion  of  azobenzole  obtained  by  the  above  method  was  con- 
verted into  benzidine  by  Zinin's  well-known  process,  viz.  by 
treating  an  alcoholic  solution  of  this  substance  with  ammonia  and 
sulphuretted  hydrogen.  An  analysis  of  the  platinum -salt  of  the  base 
thus  obtained  furnished  an  additional  proof  of  the  identity  of  the 
substance  obtained  as  described  above,  with  azobenzole. 

0-268  grm.  of  platinum-salt  gave  : 

0-088  grm.  of  platinum  =  32-88  per  cent,  of  Pt. 
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The  formula  CijHgN,  HCl,  Pt  CI2  requires  33-09  per  cent,  of 
platinum. 

Benzidine  exhibits  a  very  interesting  deportment  with  nitrous  acid : 
when  it  is  gently  heated  in  the  gas  of  this  acid,  as  obtained  by 
treating  starch  with  nitric  acid,  a  powerful  reaction  is  observed.  The 
substance  assumes  an  orange-red  colour,  and  exhibits,  after  being 
treated  with  water  and  crystallised  from  alcohol,  all  the  properties 
of  azobenzole. 

The  fact  of  the  reproduction  of  this  body  from  benzidine  was, 
moreover,  established  by  a  combustion  which  furnished  the  following 
numbers : — 

0'215  grm.  of  substance  gave  : 

0-623  grm.  of  COg,  and  0-112  grm.  of  HO. 

Theory. 


Equivalent. 

Percentage. 

Experiment. 

C,2        . 

.     72 

7912 

7902 

H5         • 

.       5 

549 

5-78 

N        . 

.     14 

15-39 

— 

91  10000 

The  simplest  formulae  for  azobenzole  and  benzidine  only  diflfer  by 
1  equivalent  of  hydrogen — 

Azobenzole  .         .         .     C12H5N 

Benzidine  ....     Ci2HgN 

— a  relation  which  sufficiently  explains  the  transformation  and  repro- 
duction of  azobenzole. 


XIV.  —  A  Few  Notes  on  Barium. 
By  A.  Matthiessen,  Ph.D. 

In  continuing  my  researches  in  Professor  Bunsen's  laboratory  on  the 
electrolytical  separation  of  the  metals  of  the  alkalies  and  alkaline 
earths,  it  has  not  been  possible  for  me  to  obtain  barium  in  a  regulus 
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after  the  same  manner  in  which  strontium  and  calcium  have  been 
isolated,  but  I  have  invariably  separated  it  in  the  form  of  a  finely- 
divided  powder.  The  reason  of  this  appears  to  be,  that  at  the  tem- 
perature at  which  the  chloride  fuses,  the  metal  attacks  the  pipe-stem, 
and  decomposes  small  quantities  of  alumina  and  silica,  at  the  same 
time  forming  baryta,  which  prevents  the  powder  melting  together. 
As  the  iodides,  bromides,  and  fluorides  are  either  infusible,  or  only 
fuse  at  a  temperature  where  the  same  circumstances  hinder  the 
powder  from  melting  together,  it  does  not  seem  probable  that  barium 
can  be  obtained  in  a  regulus  electrolytically,  like  calcium  or  Strontium. 
The  barium  powder  has  a  yellow  colour  like  strontium,  decomposes 
water  at  ordinary  temperatures,  and  oxidises  quickly  when  exposed 
to  the  atmosphere.  If,  at  the  negative  pole,  a  platinum  wire  be  used 
in  lieu  of  the  iron  one,  and  the  electrolysis  be  conducted  otherwise 
in  the  same  manner  as  in  the  separation  of  strontium,  an  alloy  of 
platinum  with  barium  will  be  formed.  This  alloy,  like  those  of 
calcium  and  strontium,  possesses  a  yellow  colour,  is  very  brittle,  and 
decomposes  water  slowly  at  ordinary  temperatures,  leaving  the  pla- 
tinum in  a  finely-divided  state. 


On  the   Hydro-electric  Currents    generated  by  Couples  formed  of 

Single  Metals. 

By  Richard   Adie. 

The  mode  of  experimenting  was  as  follows : — Two  square  pieces  of 
the  same  metal,  having  an  area  varying  from  one-fourth  to  one-tenth 
of  a  square  inch  (the  preference  being  ultimately  given  to  small 
plates),  were  connected  with  a  delicate  galvanometer  by  means  of 
narrow  strips  partly  cut  from  one  of  their  edges,  and  turned  vertically 
upwards.  They  were  then  cemented  down  to  a  flat  plate,  so  as  to 
expose  only  one  of  their  surfaces,  and  sufficient  water  poured  on 
to  cover  them.  An  acid  liquid  was  then  poured,  by  means  of  a 
pipette,  over  one  of  the  plates,  and  its  effect  on  the  galvanometer 
noted. 

The  general  results  of  the  experiments  are  given  in  the  following 
table,  in  which  the  word  positive  or  negative  denotes  the  state  of  the 
metal  on  which  the  acid  was  poured  : — 
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Nitro- 

Hydrochloric 

Sulphuric               Nitric 

Hydrochloric 

Acid. 

Acid.                    Acid. 

Acid. 

Platinum 

...  no  decided  action  negative  feebly  negative  feebly  negative 

Palladium    . . 

...  positive 

positive  feebly  negative 

positive  • 

Gold 

...  negative  feebly 

negative             negative 

negative 

Aluminum    . . 

...  positive 

no  action           negative 

positive 

Silver 

...  positive 

positive             negative 

positive 

Antimony     . . 

...  positive 

negative  feebly  negative 

positive 

Bismuth 

...  positive 

positive             negative 

positive 

Copper 

...  positive 

positive  feebly  negative 

positive 

Cobalt 

...  positive 

positive  feebly  negative 

negative 

Nickel 

...  positive 

positive             negative 

positive 

Arsenic 

...  positive 

positive  feebly  negative 

negative 

Mercury 

...  positive 

negative             negative 

positive 

Cadmium     . . 

...  positive 

positive             negative 

positive 

Zinc 

...  positive 

positive             negative 

positive 

Lead 

...  positive 

positive              negative 

positive 

Tin 

...  positive 

positive             positive 

positive 

Tin,  Protosulp 

buret  of  positive 

no  action           negative 

positive  feebly 

Iron 

...  negative 

negative             negative 

negative 

Iron,  Carbure 

t  of,  or 

Black-lead 

...  positive  feebly 

negative  feebly  negative 

negative 

Iron,Proto8ul 

phuret  of  negative 

negative             negative 

negative 

Specific  { 

gravities  of  the  acids  used : — Hydrochloric, 

I'lSO;  nitric, 

1-402;  sulphuric,  1-690. 


PROCEEDINGS 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


November  5^  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced: — 

Specimens  of  Graphite  :  from  the  late  Mr.  Brockedon. 

A  specimen  of  Lithium  :  from  Dr.  Matthiessen. 

"  The  Journal  of  the  Society  of  Arts,^^  from  June  to  November : 
from  the  Society. 

"The  Journal  of  the  Photographic  Society,^^  from  June  to 
November  :  from  the  Society. 

"  The  Pharmaceutical  Journal,''  from  June  to  November :  from 
the  Editor. 

"  The  Literary  Gazette,''  from  June  to  November ;  from  the  Pub- 
lishers. 

"  Notices  of  Meeting  of  the  Royal  Institution :"  from  the  Insti- 
tution. 

"  List  of  Members  and  Officers  of  the  Royal  Institution :"  from 
the  Institution. 

"  Proceedings  of  the  Liverpool  Literary  and  Philosophical  Society, 
1854-55  :"  from  the  Society. 

"  The  Proceedings  of  the  Royal  Society,"  Nos.  14  and  15  ;  from 
the  Society. 

"  On  the  Chemical  Composition  of  Mineral  Charcoal :"  by  T.  H. 
Rowney,  Ph.D.      • 

"  Researches  on  the  Amides  of  the  Fatty  Acids :"  by  T.  H. 
Rowney,  Ph.D. 

"On  Adipocire  and  its  Formation  :"  by  Charles  M.  Wetherill, 
Ph.D.,  M.D. 
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"The  Relations  of  Science:"  by  John  M.  Ashley. 

"  The  Journal  of  the  Franklin  Institute,"  Nos.  355,*^  356,  and  357  : 
from  the  Institute. 

"  Eighth  and  Ninth  Annual  Reports  of  the  Board  of  Regents  of 
the  Smithsonian  Institution/' 

"  Proceedings  of  the  American  Philosophical  Society  for  1854/' 

"  The  American  Journal  of  Science  and  Art,''  July  and  September : 
from  the  Editors. 

"  Smithsonian  Contributions  to  Knowledge,"  Vol.  7. 

"  Smithsonian  Report,  1854." 

"  Constitution  and  By-Laws  of  the  New  Orleans  Academy  of 
Sciences." 

"  Proceedings  of  the  New  Orleans  Academy  of  Sciences,"  Vol.  1, 
No.  1,  March  1854. 

"  Ofversicht  af  Kongl.  Vetenskaps  Akademicas  Forhandlingen ; 
Stockholm,  1854." 

"  Jahrbuch  der  geologischen  Reichsanstalt  zu  Wien,  1854." 

"  Jahrbiicher  der  Central- Anstalt  fiir  Meteorologie  und  Erdmag- 
netismus,  von  Karl  Kreil,  Wien  :"  Vol.  3, 1855.     Wien. 

"  Denkschriften  der  Kaiserlichen  Akademie  der  Wissenschaften," 
Vols.  8  and  9. 

"  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissenschaften," 
Vols.  14  and  15,  and  Part  1  of  Vol.  16. 

"Bulletins  des  Sciences  de  I'Academie  royale."     Brussels,  1855. 

"  Annuaire  de  I'Academie  royale  des  Sciences."     Brussels,  1855. 

"  Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles." 

"  Sur  la  Relation  entre  la  Temperature  et  la  Duree  de  la  Vegetation 
des  Plantes,"  par  Quetelet. 

Constant  A.  Sanceau,  Professor  of  Chemistry,  of  West  House, 
Southshare,  near  Blackpool,  Lancashire,  was  duly  elected  a  Fellow  of 
the  Society. 

The  following  papers  were  read  : — 

"  4  few  Notes  on  Barium  :"  by  A.  Matthiessen,  Ph.D. 
"  On  the  Hydro-electrical  Currents  generated   by  Couples  formed 
of  Single  Metals:"  by  Richard  Adie,  of  Livci-jjool. 
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November  19,  1855. 

R.  PoRRETT,  Esq.,  Treasurer,  in  the  Chair. 

George  F.  Wilson,  Esq.,  of  Belmont,  Vauxhall,  was  duly  elected 
a  Fellow  of  the  Society. 

The  following  papers  were  read : — 

"  On  the  Volatile  Oil  of  '  Ptychotis  Ajwan' :''  by  R.  Haines,  M.B., 
Professor  of  Materia  Medica  in  the  Grant  Medical  College,  Bombay. 

"  On  the  Action  of  Light  upon  Chloride  of  Silver  :"  by  F.  Guthrie, 
Ph.D. 


December  3,  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Journal  of  the  Society  of  Arts  -''  from  the  Society. 

"  The  Journal  of  the  Photographic  Society  -J'  from  the  Society. 

"  The  Literary  Gazette  :^^  from  the  Publishers. 

"The  Pharmaceutical  Journal :"  from  the  Editor. 

"  The  Quarterly  Journal  of  the  Geographical  Society  :''  from  the 
Society. 

A  specimen  of  Glycerine  produced  in  the  preparation  of  lead-plaster, 
having  a  sp.  gr.  1*2  :  presented  by  Mr.  G.  Whipple. 

The  following  papers  were  read  : — 

''  On  Azobeuzole  and  Benzidine  :''  by  Mr.  Alfred  Noble,  Assistant 
in  the  Royal  College  of  Chemistry. 

"  Note  on  the  Detection  of  Silver  in  Stains  caused  by  Nitrate  of 
Silver  on  the  Human  Skin  :''  by  T.  E.  Mayer,  of  Madras. 

"  On  InsoHnic  Acid  :^'  by  A.  W.  Hofmann. 
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December  17,  1855. 
Dr.  W.  A.  Miller,  President,  in  the  Chair. 

The  following  donations  were  announced  : — 

"  The  Journal  of  the  Franklin  Institute  :"  from  the  Institute. 
"  The  American  Journal  of  Science  and  Art :''  from  the  Publishers. 
"  The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 
"  The  Literary  Gazette  :''  from  the  Publishers. 
A  pamphlet,  ^^  On  two  new  Crystalline  Compounds  of  Zinc  and 
Antimony,"  by  J.  P.  Cooke,  jun. :  from  the  Author. 

A  paper  was  read  : — 

"  On  the  Analysis  of  some  of  the  Grains  commonly  used  as  Food 
by  the  Native  Inhabitants  of  Southern  India  :"  by  J.  E.  Mayer,  of 
Madras. 


NOTICES 

OF 

PAPEES    CONTAINED    IN    OTHER    JOURNALS. 
By  Henry  Watts,  B.A.,  F.C.S. 


On  Coumaramine,  a  new  Organic  Base  derived  from  Nitrocoumarine.* 
By  A.  Frapolli  and  L.  Chiozza. 

Bleibtreu,  in  his  research  on  coumarine^t  mentions  some  experi- 
ments made  for  the  purpose  of  decomposing  nitrocoumarine.  The 
product  which  he  obtained  by  treating  an  alcoholic  solution  of  nitro- 
coumarine with  sulphide  of  ammonium,  was  uncrystallisable,  dissolved 
in  ammonia,  and  gave  with  lead  and  silver  salts,  precipitates  con- 
taining sulphur.  The  action  of  other  ordinary  reducing  agents 
likewise  fails  to  yield  any  simple  and  definite  result.  Hydrogen  in 
the  nascent  state,  as  evolved  from  a  solution  of  nitrocoumarine  in 
potash,  has  no  action  on  that  body ;  neither  is  any  reducing  action 
exerted  by  hypophosphite  of  potash  or  ammonia.  The  only  process 
by  which  the  authors  have  been  able  to  effect  the  reduction  of  nitro- 
coumarine consists  in  the  employment  of  ferrous  acetate, — a  body 
whose  advantages  as  a  reducing  agent  have  been  already  pointed  out 
by  Bechamp.J 

When  nitrocoumarine  is  introduced  into  a  mixture  of  acetic  acid 
and  iron  filings,  and  the  liquid  heated  in  the  water-bath,  action  soon 
takes  place  ;  ferric  oxide  separates  out  in  considerable  quantity  ;  and, 
as  the  mixture  cools,  yellow  needles  are  deposited  on  the  sides  of  the 
vessel.  To  render  the  action  complete,  the  substances  must  be  left  in 
contact  for  twenty-four  hours.  The  precipitated  ferric  oxide  is  then  fil- 
tered from  the  solution  of  ferrous  acetate,  the  solution  concentrated  by 
evaporation,  repeatedly  filtered  hot  during  the  evaporation,  to  separate 
the  ferric  oxide  whidi  is  continually  forming,  and  then  left  to  cool. 
It  then  deposits  yellow  crystalline  needles  of  an  organic  base,  which 
the  authors  designate  by  the  name  Coiunarcunine. 

Alcohol  extracts  from  the  precipitate  an  additional   quantity  of 

*  Ann.  Ch.  Phai-m.  xcv.  252.  f  Ibid.  lix.  177.  %  Ibid.  xcii.  401. 
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coumaramine,  which  may  be  purified  by  evaporating  the  alcoholic 
solution  in  the  water-bath,  and  re-dissolving  the  residue  in  water. 
This  second  aqueous  solution  is  to  be  treated  like  the  first.  During 
the  concentration  and  filtration  of  the  aqueous  solutions,  part  of  the 
coumaramine  appears  to  be  decomposed,  and  the  crystals  obtained  from 
such  a  solution  are  always  contaminated  with  an  amorphous  brown 
precipitate. 

The  crystals  which  first  separated  were  purified  by  repeated  crys- 
tallisation from  water ;  they  then  formed  beautiful  prismatic  needles 
of  reddish-yellow  colour.  When  a  few  grammes  of  substance  are  used, 
crystals  6  or  8  centimetres  long  may  be  readily  obtained.  These 
crystals  dissolve  but  very  sparingly  in  cold  water,  but  appear  to  be 
more  easily  soluble  in  a  saturated  solution  of  ferrous  acetate.  Boiling 
water  dissolves  coumaramine  with  facility ;  so  likewise  does  boiling 
alcohol.  An  alcoholic  solution  saturated  at  a  boiling  heat,  solidifies 
on  cooling.  Coumaramine  is  nearly  insoluble  in  ether.  It  melts 
between  168°  and  170°  C,  and  when  carefully  raised  to  a  higher 
temperature,  gives  ofi"  yellow  vapours,  which  condense  to  pale  yellow 
laminse.  When  coumaramine  is  quickly  heated  in  a  tube  over  a  spirit- 
lamp,  it  turns  brown,  and  distils  over  in  the  form  of  a  heavy  oil,  which 
condenses  to  yellow  crystals  contaminated  with  a  small  quantity  of  an 
oil  smelling  like  aniline. 

The  analysis  of  coumaramine  yielded  the  following  results,  which 
agree  with  the  fonnula  CigH^NO^. 

Found. 

Carbon     .     .  67-5         67-3         -^            C^g  67*08 

Hydrogen     .     4*3           4*5         —             H^  4-34 

Nitrogen       .     —            —         9*1             N  869 

O4  19-89 

100-00 

Coumaramine  unites  readily  with  hydrochloric  acid,  forming  a  salt 
which  dissolves  readily  in  water,  and  crystallises  in  laminae.  On 
adding  ammonia  to  an  aqueous  solution  of  hydrochlorate  of  coumara- 
mine, the  liquid  solidifies  to  a  mass  of  crystals  of  coumaramine. 

Aboiling  solution  of  caustic  potash  rapidly  decomposes  coumaramine. 
On  neutralising  the  liquid  with  an  acid,  brown  flakes  are  deposited. 

On  adding  a  solution  of  bichloride  of  platinum  to  a  solution  of 
hydrochlorate  of  coumaramine,  a  yellow  crystalHne  precipitate  is  ob- 
tained, insoluble  in  water,  and  yielding  by  analysis  26'7  per  cent, 
platinum.     The  formula  Ci8H7N04,HCl,PtCl2  requires  26-9. 
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Investlgration  of  some  DerlratiTes  of  Naplitlialin.* 

By  ]j.  Dusart. 

If  a  mixture  be  prepared  of  2  parts  of  caustic  potash  and  I  part  of 
lime,  moistened  with  water  so  as  to  form  a  thick  paste,  and  1  part  of 
mononitronaphthalin  be  then  added  to  the  mixture  by  degrees,  the 
mass  immediately  acquires  a  reddish-yellow  colour,  which  is  due  to 
the  formation  of  a  peculiar  acid.  The  mass  is  heated,  for  about  six 
hours,  to  a  temperature  which  must  not  pass  100°  C,  with  the  addition 
from  time  to  time  of  a  few  drops  of  water  to  replace  that  which  is 
driven  off.  At  the  end  of  this  time,  the  reaction  is  complete.  The 
mass,  washed  by  decantation  until  the  water  is  no  longer  alkaline,  is 
treated  with  an  acid  which  separates  the  lime.  The  product  thus 
obtained  contains  two  matters,  one  yellow  and  crystal! isable,  the  other 
brown  and  uncrystallisable.  It  is  then  distilled  either  by  steam  or  by 
the  open  fire ;  the  latter  process  is  the  more  rapid,  but  furnishes  a  pro- 
duct of  less  purity,  and  in  adopting  it  the  operation  must  be  stopped 
when  red  fumes  begin  to  appear.  The  substance  distilled  forms 
crystals  almost  immediately. 

This  body,  crystallised  from  boiling  alcohol,  furnishes  long  crystals 
of  a  straw-yellow  colour ;  they  are  insipid,  and  of  a  weak  aromatic 
odour.  The  substance  fuses  at  48°  C,  boils  at  290°  C,  and  passes 
over  in  great  quantity  at  300°  to  320°  C,  leaving  a  slight  carbonaceous 
residue.  It  is  very  soluble  in  alcohol,  ether,  and  the  hydrocarbons. 
Boilmg  water  dissolves  a  small  quantity  of  it,  and  allows  it  to  crys- 
tallise on  cooling.  A  very  concentrated  solution  of  potash  acts  upon 
it,  furnishing  a  yellow  acid.  When  distilled  with  a  mixture  of  potash 
and  lime,  it  furnishes  a  yellow  odoriferous  oil  and  long  needles,  which 
communicate  a  fine  violet-blue  colour  to  sulphuric  acid.  The  oily 
matter  dissolves  readily  in  water ;  a  few  drops  of  perchloride  of  iron 
added  to  the  solution  give  it  an  intense  blue  colour,  and  blue  flakes 
are  soon  precipitated ;  these  are  changed  to  red  by  alkalies.  Sulphuric 
acid  dissolves  it  with  red  colour.  Sulphide  of  ammonium  gives  a 
new  alkaloid. 

Phthalidiney  CjgHgN. — This  compound  is  produced  by  the  action 
of  sulphide  of  ammonium  upon  nitrophthalme.  The  action  is  greatly 
assisted  by  keeping  the  solution  at  a  temperature  of  about  50°  C.  on 
the  water-bath  for  a  few  hours.  After  the  alcohol  has  been  driven 
off,  the  residue  is  exhausted  by  dilute  muriatic  acid,  and  filtered 
after  cooling.  Potash  .gives  rise  at  first  to  a  white  precipitate,  which 
is  redissolved  in  the  excess  of  acid  with  a  fine  blue  colour ;  a  greater 
quantity  of  potash  separates  the  alkaloid  in  the  form  of  flesh-coloured 
flakes,  which  soon  change  to  red  as  they  become  aggregated.     When 

*  Compt.  rend,  xli,  493. 
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washed  and  then  crystallised  by  fusion,  it  is  of  the  red  colour  of  realgar ; 
its  odour  resembles  that  of  naphthalidine,  and  its  taste  is  sharp  and 
disagreeable. 

It  melts  at  22°  C.  At  the  moment  of  solidification  the  thermo- 
meter rises  to  34°'5  C,  when  it  remains  stationary.  It  begins  to  boil 
at  about  255°  C,  but  the  temperature  then  rises  rapidly,  and  the 
substance  becomes  partially  altered,  leaving  a  carbonaceous  residue. 
It  has  no  action  upon  reddened  litmus,  but  its  vapours  immediately 
turn  the  litmus  blue.  It  dissolves  in  ether  and  alcohol,  and  also  in 
considerable  quantity  in  cold  water,  from  which  it  is  deposited  in  long 
needles.  Its  aqueous  solution  precipitates  the  salts  of  suboxide  and 
protoxide  of  mercury. 

It  reduces  nitrate  of  silver.  A  few  drops  of  sesquichloride  of  iron 
give  a  fine  blue  colour  :  this  reaction,  which  is  very  delicate,  is  likewise 
exhibited  by  morphine  and  salicylic  acid.  It  furnishes  well-crystal- 
lised salts  with  all  the  acids.  Bichloride  of  platinum  reduces  it  when 
the  solution  of  the  hydrochlorate  is  diluted,  furnishing  blue  flakes, 
which  become  black  in  drying.  If  the  solution  of  the  hydrochlorate 
is  very  concentrated,  this  reagent  furnishes  fine  yellow  crystals,  which 
undergo  a  change  in  drying.  The  author  was  therefore  unable  to 
determine  the  equivalent  by  the  analysis  of  the  platinum-salt. 

Niirophthalinic  Acid,  Cg^Hj^NOiQ. — Obtained  in  the  preparation 
of  the  nitrophthaline,  by  a  secondary  reaction  of  the  potash  upon 
that  body.  It  is  then  contaminated  by  a  foreign  substance,  which  is 
difiicult  to  remove.  It  may  be  more  advantageously  prepared  by 
treating  pure  nitrophthaline  with  a  very  concentrated  solution  of 
potash.     Its  formation  is  exceedingly  slow. 

The  potash-salt  obtained  is  treated  with  water,  filtered,  and  decom- 
posed by  muriatic  acid.  The  acid  is  crystallised  from  a  mixture  of  1 
part  of  water  and  2  of  alcohol,  of  spec.  grav.  0*848  ;  it  yields  on  cooling 
small  golden-yellow  crystals,  grouped  in  stars.  The  acid  is  inodorous ; 
its  taste  is  scarcely  perceptible  at  first,  but  afterwards  becomes  sharp. 
When  heated  in  a  tube,  it  fuses  and  leaves  a  carbonaceous  residue. 

The  potash-salt  is  obtained  by  leaving  the  alcoholic  solution  to  stand  ; 
it  is  deposited  in  small,  reddish-yellow,  mammellated  crystals.  It  is 
very  soluble  in  water,  to  which  it  gives  a  strong  yellow  colour.  With 
nitrate  of  silver  it  forms  a  precipitate  of  a  fine  red  colour  ;  with  acetate 
of  lead,  an  orange-yellow  precipitate;  and  a  greenish-yellow  precipitate 
with  salts  of  copper.  Most  of  its  metallic  salts  explode  on  the 
application  of  heat. 
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Note  on  a  'Sevr  iNlode  of  produclugr  Propylene.* 
By   L.  Dusart. 

If  a  mixture  of  an  alkaline  acetate  and  oxalate  be  distilled  in  such  a 
manner  as  to  place  the  acetone  formed  in  contact,  when  in  the  nascent 
state,  with  the  oxide  of  carbon  produced  by  the  decomposition  of  the 
oxalate,  deoxidation  of  the  acetone  takes  place,  with  formation  of  a 
carbonate,  and  a  gas  passes  which  is  absorbableby  bromine,  and  which 
is  nothing  but  propylene.  The  reaction  may  be  represented  by  the 
following  equation : — 

CeHeO^  +  2C0  =  2C0,  +  Cfi^. 

Nevertheless  we  by  no  means  obtain  the  quantity  of  propylene  indi- 
cated by  theory.  The  decomposition  of  the  two  salts  is  not  simulta- 
neous, and  the  oily  matter  observed  in  the  preparation  of  acetone  is 
always  produced. 

The  process  adopted  is  as  follows  : — Equivalent  portions  of  acetate 
of  lime  and  oxalate  of  potash  are  taken ;  the  oxalate  is  dissolved  in 
water,  and  the  acetate  of  lime  added  to  it,  so  as  to  produce  oxalate  of 
lime  and  acetate  of  potash.  The  liquid  is  evaporated,  and  kept  in 
continual  motion  to  obtain  an  intimate  mixture.  When  dried  as  much 
as  possible,  the  mass  is  put  into  a  retort,  which  is  heated  over  a  mode- 
rate fire,  and  the  quantity  of  propylene  appears  to  be  increased  if  the 
temperature  be  gradually  and  slowly  raised.  The  gas  passes  first  into 
a  flask  filled  with  carded  cotton,  then  into  a  flask  containing  sulphuric 
acid,  to  absorb  the  oily  matter ;  and  it  is  afterwards  condensed  in  bro- 
mine after  being  washed  in  water.  A  kilogramme  of  acetate  of  lime 
furnishes  about  60  grms.  of  crude  propylene. 

The  liquid  obtained  is  washed  with  potash,  and  distilled  directly ;  it 
is  then  agitated  again  with  an  alkaline  solution,  which  saturates  the 
hydrobromic  acid  formed  during  the  distillation.  It  is  dried  over 
chloride  of  calcium,  and  distilled  with  a  thermometer  inserted. 

Bromide  of  propylene  forms  about  two-thirds  of  the  product.  It 
possesses  the  odour  and  the  boiling-point  (145°  C.)  of  the  propylene 
obtained  from  amylic  alcohol. 

The  compound  CgHgBr,  obtained  by  the  action  of  an  alcoholic  solu- 
tion of  potash  upon  the  preceding  product,  when  heated  in  a  tube  with 
sulphocyanide  of  potassium,  furnished  the  essential  oil  of  mustard, 
which  has  recently  been  produced  by  M.Berthelot  with  iodo-propy- 
lene  obtained  from  glycerine.  It  is  therefore  possible  by  a  simple 
deoxidation  of  acetone,  to  ascend  from  the  acetic  to  the  propylic  series, 
and  to  reproduce  the  alcohol,  if  instead  of  collecting  the  hydrocarbon 
in  bromine,  we  cause  it  to  be  absorbed  by  sulphuric  acid,  and  distil  it 
with  water,  according  to  the  ingenious  process  of  this  chemist. 
*  Compt.  rend.  xli.  495. 
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On  Tartrate  of  Lime  and  a  Reaction  of  Tartaric  Acid.* 
By  A.  Casselinann. 

The  author,  when  occupied  in  the  examination  of  Alexandrian  senna, 
found  that  the  aqueous  extract  deposited  the  lime-salt  of  an  organic 
acid  on  evaporati'.m.  This  salt  possessed  a  remarkable  property  ;  when 
gradually  heated,  after  the  addition  of  ammonia  and  nitrate  of  silver, 
it  covered  the  sides  of  the  test-glass  with  a  metallic  speculum  of  silver, 
in  such  a  manner  that  the  reaction  may  be  compared  with  the  reduc- 
tion of  nitrate  of  silver  by  aldehyde-ammonia.  Even  a  very  small 
quantity  of  the  lime-salt  was  sufficient  to  reduce  the  nitrate  of  silver 
in  the  manner  above  mentioned,  but  only  when  the  nitrate  was  added 
in  small  fragments,  instead  of  in  solution.  If  it  were  added  in  solu- 
tion, the  reduced  silver  was  deposited  in  the  form  of  a  grey  powder. 

When  the  hot  solution  of  the  lime-salt  was  mixed  with  neutral 
acetate  of  lead,  an  abundant  white  precipitate  was  obtained,  which, 
however,  always  contained  traces  of  the  lime-salt,  unless  the  fluid  were 
rapidly  filtered  whilst  boiling.  This  precipitate  was  decomposed  by 
sulphuretted  hydrogen  ;  the  fluid  containing  the  pure  acid  was  eva- 
porated, and  the  acid  was  obtained  as  a  syrupy  sharply  acid  fluid, 
which  exhibited  no  trace  of  crystallisation,  even  after  standing  for 
several  weeks. 

The  lead-salt  of  the  acid  was  found  to  have  the  composition  of  tar- 
trate of  lead. 
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Comparative  experiments  with  artificially  prepared  tartrate  of  lime 
presented  the  same  behaviour.  The  remarkable  fact,  that  tartaric 
acid,  in  one  of  its  least  soluble  compounds,  possesses  the  property  of 
instantaneously  reducing  nitrate  of  silver,  might  be  made  use  of  in 
analysis  for  the  detection  of  minute  traces  of  this  acid.  Racemic 
acid,  however,  gives  the  same  reaction,  and  also  produces  it  instanta- 
neously, only  when  the  nitrate  of  silver  is  added  in  the  solid  state. 

Tartrate  of  lime  occurs  in  considerable  quantity  in  senna-leaves  ; 
but,  from  its  sparing  solubility,  is  not  obtained  from  them  without 
difficulty.  The  author  has  made  experiments  upon  the  solubility  of 
tartrate  of  lime,  and  found  that  this  salt  requires  for  its  solution  350 
parts  of  boiling,  and  1210  parts  of  cold  water. 

The  author  also  boiled  tartrate  of  silver  with  ammonia,  to  ascertain 
whether,  as  stated  by  Werther,  a  new  ammoniacal  salt  is  thus  pro- 
duced.    He  was  unable  to  find  anything  of  the  kind. 
^  Arch.  Pharm.  Ixxxiii.  14K. 
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On  Arabin.* 
By  C.  Neubauer. 

During  an  investigation  of  the  ashes  of  various  kinds  of  gums, 
Lowenthal  prepared  arabin  by  the  process  employed  by  S  ohm  id, 
for  the  purification  of  tragacanth,  &c.  This  process  consists  in 
dissolving  gum-arabic  in  cold  water,  so  as  to  form  as  thick  a  mucilage 
as  possible,  filtering,  and  adding  hydrochloric  acid  till  a  strong  acid 
reaction  is  produced,  when  the  arabin  is  precipitated  by  means  of 
alcohol ;  and  these  solutions  and  precipitations  were  repeated  several 
times.  The  arabin,  thus  prepared  in  the  form  of  a  white  amorphous 
mass,  readily  dissolves  in  water  while  still  moist,  forming  a  mucilage  ; 
the  aqueous  solution  is  not  precipitated  by  alcohol,  unless  after  the 
addition  of  hydrochloric  acid  or  solution  of  chloride  of  sodium,  when 
precipitation  takes  place  immediately.  The  aqueous  solution  of  pure 
arabin  exhibits  an  acid  reaction.  When  dried  in  the  air,  arabin 
becomes  glassy  and  transparent,  and  gradually  loses  its  solubility  in 
water ;  when  dried  at  100°  C,  it  is  no  longer  soluble  in  water,  but 
only  swells  up  in  a  gelatinous  form  in  that  fluid. 

The  composition  of  arabin,  dried  at  100°  C,  agrees  with  the  formula 
CjgHj^On  ;  at  a  higher  temperature  it  appears  to  give  ofi^  no  more 
water  until  it  begins  to  decompose.  Arabine,  dried  at  100°  C,  and 
having  an  acid  reaction,  when  mixed  with  lime-water  until  an  alkaline 
reaction  was  produced,  soon  regained  its  acid  reaction.  From  the 
fluid  obtained  by  the  action  of  lime-water  upon  arabin,  alcohol  sepa- 
rates a  lime-compound,  which  readily  dissolves  in  water  forming  a 
mucilage,  and  when  dried  at  100°  C.  has  the  formula  CaO,6Ci2HiQOiQ. 
From  the  fluid  obtained  by  boiling  arabin  with  water  and  an  excess 
of  hydrated  lime,  alcohol  separates  another  lime-compound,  which  also 
dissolves  readily  in  water  :  this,  when  dried  at  100°  C,  consists  of 
CaO,2Cj2HiQOiQ.  By  treating  arabin  with  baryta-water  (not  in 
excess),  and  precipitating  the  liquid  with  alcohol,  a  baryta-compound 
is  obtained,  which  when  dried  at  100°  C.  contains  11*0  to  11'2  per 
cent,  of  baryta.  An  excess  of  baryta-water  furnished  a  compound 
containing  17'5  to  17*8  per  cent,  of  baryta,  the  composition  of  which, 
when  dried  at  100°  C,  approached  very  closely  to  the  formula 
BaO,2Ci2HiQOiQ.  A  potash-compound,  precipitated  by  alcohol  from 
a  solution  of  arabin  in  potash,  had  the  constitution  KO,3Ci2Hif)OiQ 
when  dried  at  100°  C.  Basic  acetate  of  lead  precipitates  a  lead  com- 
pound from  the  aqueous  solution  of  arabin  ;  this  becomes  of  a  slight 
yellowish  colour  when  dried  at  100°  C,  and  of  a  strong  brown  at 
160°  to  180°  C.  Portions  prepared  at  different  times,  and  dried  at 
100°  C,  contained  27*0,  30*5  to  30*8,  and  30-5  to  307  per  cent,  of 
oxide  of  lead  :  the  composition  of  the  latter  preparations  approaches 
the  formula  2PbO,  SCigHioOio. 

*  J.  pr.  Chem.  Ixii.  193. 
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liSxamiiiatlou  of  the  Products  of  Distillation  of  pure  Stearate  of  Lime.* 

By  Prof.  Helntz. 

BussY  states  that  the  product  of  this  operation  is  stearone, — a  body 
which  may  be  regarded  as  anhydrous  stearic  acid  from  which  a  num- 
ber of  equivalents  of  carbonic  acid  have  been  separated  equal  to  the 
number  of  equivalents  of  base  which  it  was  capable  of  saturating. 
Rowney,  however,  has  recently  asserted  that  the  solid  fusible  body 
formed  is  constituted  according  to  the  formula  C28H23O.  He  calls 
it  stearene. 

From  the  results  of  the  previous  investigations  of  Heintz  upon  the 
products  of  the  distillation  of  hydrated  stearic  acid,  we  may  draw  the 
conclusion  that  Bussy^s  view  of  the  products  of  decomposition  of 
stearate  of  lime  is  the  correct  one,  and  that  it  only  requires  correction 
in  so  far  as  the  stearone  formed  is  itself  partially  decomposed  by  the 
heat  required  for  the  decomposition. 

The  examination  of  the  products  of  distillation  of  stearate  of  lime 
has  shown  that  this  conclusion  is  perfectly  correct.  The  author  found 
in  this  operation  that  the  products  were  partly  gaseous  and  partly 
solid.  The  former  consist  of  hydrocarbons  of  the  formula  C„Hn,  and 
of  light  carburetted  hydrogen,  which  is  produced  from  the  former  by 
separation  of  carbon  ;  the  soHd  products  consist  of  stearone  (C35H35O), 
and  other  ketones,  which  are  produced  along  with  the  hydrocarbons 
by  the  decomposition  of  the  stearone.  The  decomposition  may  be 
expressed  by  the  equations, — 

{a)   C.,e  H,,  03  +  CaO  =  (CO,  +  CaO)  +  (C35  H3,  O). 
(b)  C,,  H3,  0  =  C„  H„  0  +  C35_„  H35_„. 

The  author  obtained  pure  stearone  by  repeated  extraction  of  the 
above-mentioned  products  of  distillation  with  alcohol,  and  recrystal- 
lising  the  undissolved  portion  from  its  solution  in  boiling  ether.  It 
possessed  all  the  properties  of  that  produced  by  the  distillation  of 
hydrated  stearic  acid,  but  its  melting  point  was  a  little  higher,  namely 
87°'5  C. ;  evidently  in  consequence  of  its  greater  purity. 

To  determine  the  atomic  weight  of  stearone,  the  author  prepared  a 
product  of  substitution  by  means  of  bromine,   whijh   he   found  to  be 

constituted  according  to  the  formula  C35  j  w  f"^  |  0. 

From  the  analysis  of  the  portion  of  the  crude  stearone,  which 
was  soluble  in  alcohol,  it  appeared  to  contain  the  same  number  of 
equivalents  of  hydrogen  and  carbon,  but  a  larger  amount  of  oxygen, 
showing  that  it  contained  (perhaps  together  with  stearone)  other 
ketones  with  a  smaller  amount  of  carbon  and  hydrogen. 

*  Wieu  Akad.  Ber.  1855,  385. 
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gelatin:  by  M.  Humbert.     J.  Pharm.  [3]  xxvii.  272. 
Albuminoidal  Substances. — New  researches  on  the  action  of  the  gastric 

juice  on   albuminoidal   substances.      By  M.   Longet.     Compt.  rend. 

xl.  286. 
Alcohol. — On  the  reproduction  of  alcohol  from  olefiant  gas  :  by  M.  Berthelot. 

Compt.  rend.  xl.  102;   (Report  thereupon  by  Ji".   Thenard,  ibid.  122); 

Chem.  Gaz.   1855,    61;    Ann.   Ch.  Pharm.  xciv.   78;    J.  pr.   Chem. 

Ixv.  274;  Ann.  Ch.  Phys.  [3]  xliii.  385,  J.  Pharm.  [3]   xxvii.  329; 
Chem.  Soc.  Qu.  J.  viii.  148. 
On  the  artificial  pre])aration  of  alcohol :  by  M.  Marx.     J.  pr.  Chem.  Ixv. 

92;  Chem.  GaV  1855,  371. 
Action  of  sulphuric  acid  upon  alcohol ;  formation  of  ether  :  by  C.  Blondeaii. 

J.  Pharm.  [3]  xxviii.  5,  99. 

On  alcohol  from  asphodel  :  by  M.  Clerget.     J.  Pharm.  [3]  xxvii.  193. 

On  alcohol  from  couch-grass  :  by  M.  Rabonrdin.     J.  Pharm.  [3  [  xxviii.  68. 

On  alcohol  from  fig.s  :  by  M.Rubinel.     J.  Pharm.  [3 J  :vxvii.  191. 
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Alcohol. — On  the  manufacture  of  alcohol   from  sawdust:    by  M.  Arnault. 

Chem.  Gaz.  1855,  95 
Eelative  fuel-value  of  alcohol  and  wood-S23irit :  by  P.  Bolley.     Chem.  Gaz. 

1855,  57. 
Eeport  on  the  supply  of  spirit  of  wine,  free  from  duty,  for  use  in  the  arts 

and    manufactures:    by  Professors    Graham,   llofmann,  and  Redwood. 

Chem.  Soc.  Qu.  J.  viii.  120 ;  Pharm.  J.  Trans,  xiv.  55G  ;  xv.  28. 
Alcohol,  Amylic. — ^qg  Amyl. 
On  amylic  alcohol:  by  L.  Pasteur.     Compt.  rend.  xli.  296;  Chem.  Soc. 

Qu.  J.  viii.  277. 
Alcohol,    Benzoic. — On   the   alcohol   corresponding  to  benzoic   acid:    by 

S.  Camiizzaro.     Ann.   Ch.  Pharm.  xlii.  113;  J.  pr.  Chem.  Ixiv.   167; 

Ann.   Ch.  Phys.  [3]  xliii.  349;  J.  Pharm.  [3]  xxvii.  399;  Chem.  Soc! 

Qu.  J.  viii.  168. 
Alcohol,    Butylic. — On  butylic  alcohol:  by  A.  Wurtz.     Ann.  Ch.  Pharm. 

xciii.  107  ;  Chem.  Soc.  Qu.  J.  viii.  264. 
Alcohol,  Caprylic. — Chemical  researches  on  castor  oil,  and  on  cap ry lie  al- 
cohol obtained  from  it:  by  /.  Bouis.     Ann.  Ch.  Phys.  [3]  xliv.  77. 
Alcohol,  Cuminic. — On  cuminic  alcohol:  by  C.  Kraut.     Ann.  Ch.  Pharm. 

xcii.  66;  J.  pr.  Chem.  Ixiv.  159;  Ann.  Ch.  Phys.  [3]  xliii.  347. 
Aldehyde. — On  the  presence  of  aldehyde  in  wine,   vinegar,  distilled  vinegar, 

and  brandy:  hy  M.  Lahens.     J.  Pharm.  [3j  xxvii.  37;   J.  pr.  Chem. 

Ixv.  313. 
On  the  presence  of  aldehyde  in  vinegar :  by  MM.  Marchand  and  Menard. 

J.  Pharm.  [3]  xxvii.  183. 
On  the  crystalline  form  of  aldehyde  ammonia  :  by  J.  Heusser.     Pogg.  Ann. 

xciv.  637. 
On  the  substitution  of  the  aldehyde-radicals  in  ammonia  :  by  /.  Natamon. 

Ann.  Ch.  Pharm.  xcii.  48;  Chem.  Gaz.  1855,  12;  J.  pr.  Chem.  Ixiv. 

154;  Chem.  Soc.  Qu.  J.  viii.  150;  Ann.  Ch.  Phys.  [3J  xliv.  360. 
On  caprylic  aldehyde:  by  Dr.  Limpricht.     Ann.  Ch.  Pharm.  xciii.  242; 

Chem.  Gaz.  1855,  141;  Ann.  Ch.  Phys.  [3]  xliii.  490;  Chem.  Soc. 

Qu.  J.  viii.  155. 

On  caprylic  aldehyde :  by  /.  Bouis.     Compt.  rend.  xli.  603. 

Aldehydes.— On  some  supposed  aldehydes  and  ketones:   by  Dr. Limpricht. 

Ann.  Ch.  Pharm.  xciv.  243;  Chem.  Gaz.  1855,209;  Chem.  Soc.  Qu.  J. 

viii.  158;  J.  pr.  Chem.  Ixvi.  505. 
Alkalies.  —  Action   of  iodic   acid   on  the   vegetable   alkalies:  by  H.Brett. 

J.  Pharm.  [3]  xxvii.  116. 
Improvements  in  the  manufacture  of  sulphuric  acid,  alkalies,  and  their 

salts  (G.  Kobb's  patent).     Chem.  Gaz.  1855,  79. 
On  the  reduction  of  oxide  of  zinc  and  of  the  alkalies :  by  H.  Ste  Claire 

Deville.     Ann.  Ch.  Phys.  [3]  xliii.  477  ;  Chem.  Gaz.  1855,  389. 
Alkalies,  Organic— On  the  decomposition  of  the  platinum-salts  of  the  organic 

alkalies:  by  T.  Anderson.     Ann.  Ch.  Phys.  [3]  xlv.  366. 
Alkaloids— Note  on  the  double  salts  formed  by  the  chlorides  of  cadmium. 

bismuth,  and  uranium  with  the  organic  alkaloids :  by  C.  G.  JFilUams. 

Chem.  Gaz.  1855,  450. 
Allan  toin. — On   the  jiresouce  of  allantoin  in   the   urine  during  obstructed 

res{>iration :    by  F.  T.  Frerichs  and   G.  Stadeler.      Clicui.   <iii/.    1^')."). 

73. 
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Alligator. — Analysis  of  the  egg-sliell  of  Alligator  sclerops  (Sclm.):  by  W.Wicke. 

Ann.  Ch.  Pharm.  xcv.  376. 
Alloys. — On  alloys:    by  F.  G.  Calvert  and  R.  Johnson.      Phil.  Mag.  [4]  x. 

240. 
Quantitative   analysis    of  an  alloy  of  zinc  and  nickel:    J.  Pharai.   [3] 

xxvii.  295. 
New  metallic   alloy  (Ruolz   and  de  Fontenay's  patent).     Chem.   Gaz. 

1855,  238. 
Alloys  of  iron  and  aluminium :   by  F.  C.  Calvert.     Pharm.  J.  Trans. 

XV.  232. 
Alum. — Researches  into  the  alum  manufacture:  by  /.  Wilson.     Phil.    Mag. 

[4]  ix.  413. 
Alumina. — Indirect  method  of  determining  alumina  and  the  oxides  of  iron 

when  they  occur  together :  by  /.  Weeren.     Pogg.  Ann.  xciii.  450. 
On  the  quantitative  separation  of  the  oxides  of  iron  from  alumina :  by 

/.  Weeren.     Pogg.  Ann.  xcv.  347 ;  Chem.  Gaz.  1855,  315. 
On  the  separation  of  alumina  from  iron  and  magnesia :  by  R.  Richter. 

J.  pr.  Chem.  Ixiv.  378;  Chem.  Gaz.  1855,  315. 
Alums. — On  the  wliite  colour  of  iron-alums,  and  th3  brown  colour  of  their 

aqueous  solutions:  hy  H.Rose.     Pogg.  Ann.  xciv.  459;    Chem.  Gaz. 

1855,  186;  J.  pr.  Chem.  Ixiv.  432  ;  J.  Pharm.  [3]  xxviii.  158. 
On  the  white  colour  of  the  iron-alums :  by  W.  Uaidinger.     Pogg.  Ann. 

xciv.  246. 
On  interchangeable  substances  in  alums  :  by  A.  Kenngott.     J.  pr.  Chem. 

Ixiv.  492. 
Aluminium. — Researches  on  the  metals,  particularly  on  aluminium,  and  on 

a  new  form  of  silicium :    by  H.  Ste.-Claire  Deville.      Ann.  Ch.  Phys. 

xliii.  5 ;  Chem.  Soc.  Qu.  J.  viii.  239 
On  the  preparation  of  aluminium:  by  H.  Ste.-Claire  Deville.     J.  Pharm. 

[3]  xxviii.  126;  Compt.  rend.  xl.  1298  ;  Chem.  Gaz.  1855,  316. 
On   a  new   and  advantageous  method    of   preparing    aluminium :    by 

H.Rose.     Phil.  Mag    [4]  x.  233;  Pogg.  Ann.  xcvi.   152;  Ann.  Ch. 

Phys.  [3]  xlv.  309. 
On  some  physical  properties  of  aluminium  :  by  C.  and  A.  Tissier.     Compt. 

rend.  xl.  1205. 
Notice  respecting  aluminium.     Ann.  Ch.  Pharm.  xciii.  365  ;  J.  pr.  Chem. 

Ixiv.  511. 
Note  on  the  position  of  aluminium  in  the  voltaic  series  :  by  C.  Wheatstone. 

Proc.  Roy.  Soc.  vii.  369. 
Alloys  of  iron  and  aluminium :    by  F.  C.  Calvert.     Pharm.  J.  Trans. 

XV.  232. 
Am arin  e. — New  mode  of  formation  of  amarine  and  lophine :  by  A.  Gossmann. 

Ann.  Ch.  Phai-m.  xciii.  329  ;  Chem.  Gaz.  1855, 144  ;  Chem.  Soc.  Qu.  J. 

viii.  101 ;  Ann.  Ch.  Phys  [3]  xlv.  123 ;  J.  pr.  Chem.  Ixv.  245. 
Amides. — Researches  on  the  amides  of  the  fatty  acids:  by  T  H.  Rowney.    Ed. 

Phil.  Trans.  xxi.'Part  II.  299;  Chem.  Gaz.  1855,  361. 
Ammonia. — On  the  substitution  of  the  aldehyde-radicals  in  ammonia:  by 

/.  Natanson.     Ann.   Ch.   Pharm.  xcii.  48;    Chem.  Gaz.    1855,    12; 

J.  pr.  Chem.  Ixiv.  104. 
On  the  formation  of  ammonia  from  non-nitrogenous  substances  and  nitric 

acid:  by  ^.  Ocerheck.     Chem.  Gaz.  1855,  100. 
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Ammonia. — On  the  quantity  of  ammonia  in  normal  urine:  by  C.  Neubauer. 

J.  pr.  Chem.  Ixiv.  177,  279. 
On  the  quantity  of  ammonia  in  the  urine :  by  TF.  Hehitz.     J.  ^w  Chem. 

Ixiv.  399. 
On  the  oxidation  of  ammonia  in  the  human  body :  by  H.  Berne  Jones. 

Ann.  Ch.  Pharm.  xcii.  90;  J.  Piiarm.  [3]  xxvii.  117. 
— —  On  hydrated  silicic  acid  and  silicate  of  ammonia:    by  /.  Liebig.     Ann. 

Ch.  Pharm.  xciv.  375  ;  Chem.  Gaz.  1855,  370. 
On  the  behaviour  of  various  bases  with  solutions  of  ammoniacal  salts, 

particularly  with  chloride  of  ammonium  ;  by  H.  Rose.     J.  pr.  Chem. 

Ixv.  317;  J.  Pharm.  [3]  xxviii.  393. 
On  the  extraction  of  ammonia  from  the  liquor   of  the  gas-works  :   by 

/.  Roth.     J.  Pharm.  [3]  xxvii,  102;  J.  pr.  Chem.  Ixiv.  503. 
On  the  form  and  composition  of  borate  of  potash   and  ammonia :    by 

C.  Rammelsberg.     Pogg.  Ann.  xcv.  199  ;  J.  pr.  Chem.  Ixv.  375. 
On  the  form  and  composition  of  tartrate  of  ammonia  :  by  C.  Rammelsberg, 

Pogg.  Ann.  xcvi.  23. 
Ammonium. — On  the  crystalline  forms  of  the  platinum-salts  of  the  compound 

ammonium-molecules  of  ethyl :    by  C.   Weltzien.     Ann.  Ch.  Pharm. 

xciii.  272. 
Amyl. — On  amylic  alcohol :  by  L.  Pasteur.     Compt.  rend.  xli.  296  ;  Chem.  Soc. 

Qu.  J.  viii.  277 ;  Ann.  Ch.  Pharm.  xcvi.  255. 
On  bimucate  of  amyl:  by  S.  W.  Johnson.     J.  pr.  Chem.  Ixiv.  157;  Chem. 

Gaz.  1855,  188. 
Preliminary  notice  on  the  compounds  of  amyl  with  antimony.     J.  pr. 

Chem.  Ixiv.  505. 
Researches  on  the  stibamyls   and    some  of    their    compounds,  with  a 

comparative  view  of  the  more  important  properties  of  the  organic 

metal-radicals :  by  F.  Berle.     J.  pr.  Chem.  Ixv.  285. 
Amylaceous  Foods. — Microchemical  researches  on  the  digestion  of  starch 

and  amylaceous  foods  :  by  P.  £.  Ayres.     Proc.  Roy.  Soc.  vii.  225. 
Amylaceous    Substances. — Researches  on  the  digestion  of  amylaceous 

substances:  hj  M.  Blondlot .     Ann.  Ch.  Phys.  [3J  xl.  223;  J.  Pharm. 

[3]  xxvii.  288. 
Amyloid  Corpuscles. — On  a  microchemical  reaction   of  cholesterin  and 

the  amyloid  corpuscles  :  by/.  Moleschott.     Compt.  rend.  xl.  3(11. 
Analysis. — On  analysis  by  oxidation  and  reduction:   by  Dr.  Mohr.     Ann. 

Ch.  Pharm.  xciii.  51 ;  J.  pr.  Chem.  Ixiv.  225. 
On  the  use  of  chloride  of  silver  in  qualitative  analysis  with  the  blowpipe  ; 

by  H.  Gericke.     Chem.  Gaz.  1855,  188. 
Methods  of  analytical  separation  and  quantitative  estimation.     Pharm. 

J.  Trans,  xv.  121. 
Contributions  to  quantitative  chemical  analysis  :— determination  of  water; 

of  metallic  oxides  by  carbonic  acid ;  of  iron  ;  of  arsenic ;  of  mercury, 

by  chloride  of  silver  :  by  H.  Vohl.     Ann.  Ch.  Pharm.  xciv.  216. 
On  the  influence  of  free  oxygen  in  analysis  by  oxidation  and  reduction : 

by  P.  Kessler.     Pogg.  Ann.  xcvi.  332. 
Continuation  of  the  contributions  to  quantitative  chemical  analysis:  by 

//.  Vohl.     Ann.  Ch.  Pharm.  xcvi.  237. 

On  the  beliaviour  of  hyposulphite  of  soda  with  ccilniti  heavy  metalhc  oxides, 

and  its  use  in  analytical  chemistry. 
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Analysis,  Organic. — Combustion  of  organic  bodies  by  means  of  chromate 
of  lead  and  bichromate  of  potash  :  by  Br.  Mayer.     Ann.  Ch.  Pharm. 
xcv.  204. 
— -.  On  the  estimation  of  oxygen  in  organic  analysis  :  by  M.  Baumhauer.     Ann. 

Ch.  Phys.  [3]  xlv.  327. 
Analysis,   Volumetric. — On   a  method  of    volumetric   analysis  of  very 
general  application :  by  U.  Bunsen.     Ann.  Ch.  Pharm.  Ixxxvi.  265 ; 
Chem.  Soc.  Qu.  J.  viii.  219. 
— —  Volumetric  analysis  of  carbonic  acid  with  litmus  :  by  R.  Kersting.     Ann. 
Ch.  Pharm.  xciv.  112. 

Volumetric  determination  of  copper:    by  C.  Mohr.     Ann.  Ch.   Pharm. 

xcii.  97. 

Volumetric  determination  of  hydrocyanic  acid  and  the  alkaline  cyanides  : 

by  C.  Mohr.     Ann.  Ch.  Pharm.  xciv.  198;  Chem.  Gaz.  1855,  248. 

Volumetric  determination  of  iodides  in  presence  of  chlorides  and  bromides: 

by  A.  and  F.  Dupie.    Ann.  Ch.  Pharm.  xciv.  365. 

Volumetric  determination  of  iron  and  of  antimony  :  by  A.  Streng.     Pogg. 

Ann.  xciv.  493,  499;  Chem,  Gaz.  1855,  191,  214;  J.  pr.  Chem. 
Ixv.  184. 

Volumetric  estimation  of  free  sulphuric  acid  by  means  of  a  new  acidimetrie 

liquid,  and  application  of  the  latter  to  acidimetrie  determinations  in 
general :  by  Ludwig  Kieffer.  Ann.  Ch.  Pliarm.  xciii.  386  ;  Chem.  Gaz. 
1855,  174. 

On  the  use  of  bichromate  of  potash  in  volumetric  analysis:  by  W.  Cassel- 

mann.  Ann.  Ch.  Pharm.  xcvi.  129. 
Anaesthetics. — On  the  anaesthetic  principle  of  the  Li/ coper  don.  proieus  and 
certain  other  fungi:  by  T.  J.  Herapath.  Phil.  Mag.  [4]  x.  67;  Chem. 
Gaz.  1855,  269. 
Aniline. — On  nitraniline  and  paranitraniline :  by  A.  B.  Arppe.  Ann.  Ch. 
Pharm.  xciii.  357;  Chem.  Soc.  Qu.  J.  viii.  175;  Chem.  Gaz.  1855, 
235  ;  Ann.  Ch.  Phys.  [3]  xliv.  356 ;  J.  pr.  Chem.  Ixv.  238. 

Contributions  to  the  history  of  aniline,  azobenzole,  and  benzidine :  by 

A.  W.  Hofmann.     Proc.  Eoy.  Soc.  vii.  444;  Chem.  Gaz.  1855,  318. 

On  the  action  of  aniline  upon  isatine,  bromisatine,  and  chlorisatine  :  by 

A.  Bngelhardt.     J.  pr.  Chem.  Ixv.  260 ;  Chem.  Gaz.  1855,  269. 

On   the    action    of    bromaniline    and    chloraniline    upon    isatine :    by 

A.  Bngelhardt.     Bull,  de  St.-Petersb.  xiii.  279;    Chem.   Gaz.  1855, 
313;  J.  pr.  Chem.  Ixv.  265. 

On  the  anilides  of  pyrotartaric  acid :  by  E.  Arppe.     Chem.  Soc.  Qu.  J. 

viii.  172. 

On  the  anilides  of  tartaric  acid:  by  A.  B.  Arppe.     Ann.  Ch.  Pharm.  xciii. 

352;  Chem.  Gaz.   1855,146;  Ann.  Ch.  Phys.   [3]  xliv.  243 ;  Chem. 
Soc.  Qn.  J.  viii.  179;  J.  pr.  Chem.  Ixv.  241. 

Action  of  sulphide  of  ammonium  on  paranitraniline  :  by  B.  Arppe.     Ann. 

Ch.  Pharm.  xcvi.  106. 

On  the  anilides  of  nfalic  acid:  by  B.  Arppe.     Ann.  Ch.  Pharm.  xcvi.  106. 

Animal    Charcoal.  —  Purification   of    animal   charcoal:    by  M.   Pelouze. 
J.  Pharm.  [3]  xxvi.  443. 

On  the  constitution  of  the  phosphate  of  lime  in  animal  charcoal,  bone-ash, 

&c.,  with  remarks:  by  /.  I).  Smith.     Chem.  Gaz.  1855,  201. 
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Animal   Substances. — On  the  products  of  the  destructive  distillation  of 

animal  substances,  Part  III. :    by  T.  Anderson.     Phil.  Mag.  [4]  145, 

214;    Ann.  Ch.   Phys.  [3]  xliv.   501;    J.  Pharm.  [3]  xxviii.    159; 

J.  pr.  Chem.  Ixiv.  449  ;  Ixv.  280  ;  Ann.  Ch.  Pharm.  xciv.  358. 
Antimony.  —  Contributions    to    the   history   of    antimony:    by  J.   Lefort. 

J.  Pharm.  [3]  xxviii.  93. 
Volumetric    determination  of  antimony :   by  A.   Streng.       Pogg.    Ann. 

xciv.  499  ;  Chem.  Gaz.  1855,  214;  J.  pr.  Chem.  Ixv.  185. 
On  an  apparent  perturbation  in  the  law  of  definite  proportions  observed 

in  the  compounds  of  zinc  and  antimony  :  by  /.  P.  Cooke.     Sill.  Am.  J. 

[2]  XX.  222. 
On  a  j)eculiar  phenomenon  in  the  electro-deposition  of  antimony :   by 

G.  Gore.     Phil.   Mag.  [4]  ix,  73;  J.  Pharm.  [3]  xxvii.  283;  Pogg. 

Ann.  xcv.  173. 

Explosive  antimony.     J.  pr.  Chem.  Ixiv.  439. 

Purification  of  antimony  :  by  /.  Lefort.     Pharm.  J.  Trans  xv.  227. 

Preservation  of  tartar- emetic  solution.     Ann.  Ch.  Pharm.  xcvi.  128. 

Preliminary  notice  on  the  compounds  of  amyl  with  antimony.    J.  pr. 

Chem.  Ixiv.  505. 
Eesearches  on  the  stibamyls :    by  F.  Berle.      J.  pr.  Chem.  Ixvi.  285  ; 

Ann.  Ch.  Phys.  [3]  xlv.  372. 
On  stibethylium  and  its  compounds :  by  R.  Lowig.     J.  pr.  Chem.  Ixiv. 

415;  Chem.  Gaz.  1855,266;  Ann.  Ch.   Phys.  [3]  xliv.  373;  Chem. 

Soc.  Qu.  J.  viii.  260. 

On  the  compounds  of  stibethyl :  by  W.  Merck.     J.  pr.  Chem.  Ixvi.  52. 

Arabin. — On  arabin  :    by  C.  Neubauer.      J.  pr.  Chem.  Ixii.  193;    Chem.  Gaz. 

1855,  412. 
Arachis, — Additional  note  on  Arachis  hypogma :  by  G.  Bentham.     Sill.  Am.  J. 

[2]  XX.  202. 
Archil. — On  a  method  of  testing  commercial  archil  for  its  purity  and  its  value 

in  dyeing  :  by  F.  Leeshing.     Chem.  Gaz.  1855,  219  ;  Pharm  J.  Trans. 

XV.  40. 
Arctostaphylos. — On  ursone,  a  new  substance  from  the  leaves  of  Ardosta- 

phi/los  uva  ursi:  by  H.  Trommsdorff.     Chem.  Gaz.  1855,  134. 
Areometer. — On  the  advantages  of  Twaddle's  areometer  over  those  of  Beaume 

and  Beck  :  by  Dr.  Bolley.     Chem.  Gaz.  1855,  19. 
Aroma.— On  the  nature  of  the  aroma  of  plants:  hj  M3I.  Viale  and  Latini. 

J.  Pharm.  [3]  xxviii.  41. 
Arsenic. — Process    for  detecting  arsenic  in  mineral  waters:   by    0.  Henry. 

J.  Pharm.  [3]  xxviii.  33. 
Remarks  on  the  detection  of  arsenic  in  cases  of  poisoning.     Pharm.  J. 

T^-ans.  XV.  38. 
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Experiments  on  some  of  the  compounds  of  tin  with  arsenic  :  by  E.  Haeffely. 

Phil.  Mag.  [4]  x.  290. 
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Arseuic. — Easy  method  of  removing  arsenic  from  sulphuric  acid :  hy  A.Buchner. 
Ann.  Ch.  Pharm.  xciv.  241;  Chem.  Gaz.  1855,  230;  Chem.  Soc. 
Qu.  J.  viii.  258 ;  Pharm.  J.  Trans,  xv.  39 ;  J.  pr.  Chem.  Ixv.  506. 

Easy  method  of  removing  arsenic  from   sulphuric  acid :    by  J.  Lowe. 
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Analysis  of  the  ash  of  cod-fish  scales :  by  W.  Wicfce.    Ann.  Ch.  Pharm. 
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Atropine. — Easy  method  of  preparing  atropine  :  by  W.  T.  Luxton.     Pharm. 

J.  Trans,  xiv.  299. 
Azobenzole. — See  Benzole. 

Contributions  to  the  history  of  aniline,  azobenzole,  and  benzidine  :    by 

A.  W.Eofmann.     Proc.  Roy.  Soc.  vii.  444;  Chem.  Gaz.  1855,  318. 
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Boilers. — On  boiler  explosions  :  by  M.  Andraud.     Compt.  rend.  xl.  1062. 
On  the  incrustation  of  steam-boilers:  by  M.  Couste.      J.  Fr.  Inst.  [3] 

xxix.  264. 
Boiling  Point. — '^ee  Heat. 
Bone -ash. — On  the  constitution  of  the  pliosphate  of  lime  in  animal  charcoal, 

bone-ash,  &c. :  with  remarks  by  J.  D.  Smith.     Chem.  Gaz.  1855,  201. 
Bones. — Chemical  researches  on  the  bones:  by  E.  Fremy.    Ann.  Ch,  Phys.  [3] 

xliii.  47 ;  J.  Pharm.  [3]  xxvii.  5. 
Borates.— On  the  form  and  composition  of  borate  of  potash  and  ammonia  : 

by  C.  Rammelsberg.     Pogg.  Ann.  xcv.  199  ;  J.  pr.  Chem.  Ixv.  375. 
Brass. — Method  of  analysing  bronze  and  brass:    by  H.  Ste. -  Claire  Deville. 

Ann.  Ch.  Phys.  [3]  xliii.  477;  Chem.  Gaz.  1855,  295. 
On  the  coating  of  copper  and  brass  with  platinl^m  by  the  electrotype :  by 

M.  Jewreinoff.     Chem.  Gaz.  1855,  458. 
Bread. — Chemical  examination  of  bakers'  bread:  by  C.  M.  Wetherill.    J.  fr, 

Inst.  [3]  xxix.  386 ;  Phann.  J.  Trans,  xv.  236. 
Brine. — On  the  brine  of  salted  meat,  fish,  &c.,  and  its  poisonous  properties: 

by  M.  Reynal.     Compt.  rend,  xli,  29. 
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Bromine. — New  observations  on  the  action  of  bromide  and  chloride  of  lime 
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On  the  estimation  of  bromine  in  combination  with  chlorine  :  by  Dr.  Mohr. 

Ann.  Ch.  Pharm.  xciii.   76 ;    J.  pr.   Chem.  Ixiv.  232 ,  Chem.  Gaz. 

1855,  135. 
On  the  volatile  bromine-compound  obtained  in  the  t  chnical  preparation 

of  bromine :  by  M.  Hermann.      Ann.  Ch.  Pharm.  xcv.   211 ;  Chem. 

Soc.  Qu.  J.  viii.  286. 
Use  of  hypermanganate  of  potash  for  the  detection  of  iodine  and  bromine 

in  mineral  waters :  by  0.  Henry.     J.  Pharm.  [3]  xxvii.  423. 
Preparation  of  bromide  of  ammonium  for  photographic  purposes :    by 

M.  Engelhardt.     J.  Pharm.  [3]  xxviii.  389. 
Buck-wheat. — Kesearcheson  the  composition  of  the  straw  of  buck-wheat  and 

colza  :  by  /.  Pierre.     Compt.  rend.  xli.  566. 
Bugs. — Note  on  the  destruction  of  bugs:    by  M.  Thhiard.      Compt.   rend. 

xli.  374.— Also  by  M.  Despretz.     Ibid.  378. 
Butyl. — On  butylic  alcohol:    by  A.  Wurtz.     Ann.  Ch.  Pharm.  xciii.   107; 

Chem.  Soc.  Qu.  J.  viii.  264. 
On  butylic  mercaptan  and  butylic  urethane :  by  E.  Humann.     Ann.  Ch. 

Phys.  [3]  xliv.   337;  Ann.  Ch.   Pharm.   xcv.   256,276;    Chem.  Soc. 

Qu.  J.  viii.  274. 


Cadmium. — On  some  salts  of  cadmium  :  by  C.  v.  Hauer.     Wien.  Akad.  Ber. 

XV.  23 ;  Chem.  (5az    1855,  23 ;  Chem.  Soc.  Qu.  J.   viii.   250 ;  J.  pr. 

Chem.  Ixiv.  477. 
On  some  new  compounds  of  chloride  of  cadmium  :  by  C.  v.  Hauer.     Wien. 

Akad.  Ber.  xvi.  409;  Chem.  Gaz.  1855,  411. 
Double  salts  formed  by  chloride  of  cadmium  with  organic  alkaloids :  by 

a.  Cr.  Williams.     Chem.  Gaz.  1855,  450. 
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Cadmium. — On  the  oxalate  and  suboxide  of  cadmium:    by  M.  Vogel,  Jun. 

J.  Pharm.  [3]  xxviii.  356. 
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On  caprylic  aldehyde :  by  Dr.  Limpricht.    Ann.  Ch.  Pharm.   xciii.  242  ; 
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On  caprylic  aldehyde :  by  /.  Bonis.     Compt.  rend.  xli.  603. 
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crystalline  form  in  the  spathic  carbonates  :  by  F.  H.  Schroder.     Pogg. 

Ann.  xcv.  441,  562. 
Decomposition  of  sulphate  of  baryta  by  alkaline  carbonates:  by  H.  Bose. 

Pogg.  Ann.  xcv.  96;  Chem.  Gaz.  1855,  186;  J.  pr.  Chem.  Ixiv.  381. 
On  the  decomposition  of  the  sulphates  of  strontia  and  lime  by  alkaline 
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On  the  solubility  of  various  metallic  oxides  and  earthy  carbonates,  and 

on  certain  reactions    exhibited   by   their    solutions;    by  A.  Bineau. 

Compt.  rend,  xli.  509, 
Mode  of  preparing  hydrated  carbonate  of  lime  :  by  /.  Roth.     Pogg.  Ann. 

xcv.  172;  Chem.  Gaz.  1855,  247;  J.  pr.  Chem.  Ixv.  253. 
Preparation  of  pure  carbonate  of  potash :    by  M.  Bloch.      Compt.  rend. 

xl.  364;  J.  pr.  Chem.  ixiv.  319;    Chem.  Gaz.  1855,  113;  Pharm.  J. 
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Carburetted  Hydrogen. — Explosion  of  carburetted  hydrogen  in  an  iron 

mine:  by  M.  Castel.    Ann,  Min.  [5]  vi.  94, 
Cardamoms. — On  some  rare   species  of  cardamom:    by  J).  Hanhury.      J. 

Pharm.  [3]  xxvii.  359,  448. 
Casein. — On  Barreswil's  liquid  as  a  reagent  for  fibrin,  albumin,  casein,  and 
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Gaz.  1855,60. 
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195. 
Cellulose. — On  the  preparation  of  the  solution  of  iodised  chloride  of  zinc  as 
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and  on  the  use  of  that  substance  for  gas  pipes:  by  M.  Viard.     Ann. 
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Centaurea. — On  the  active  principle  of  Centaurea  calcitrapa  :  by  L.  Colignon, 

Arch.  Pharm.  [2]  Ixxx.  86;  Chem.  Gaz.  1855,  117. 
Cerium, — On  the  therapeutic  action  of  the  salts  of  cerium  :  by  /.  Y.  Simpson. 
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Charcoal. — On  charcoal  as  a  disinfectant :  by  /.  Stenhouse.     Pharm.  J.  Trans. 

xiv.  328. 
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Sill.  Am.  J.  [2]  XX.  220. 
Chemical  process. — Thoughts  on  solution  and  on  the  chemical  process:  by 
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chlorites into  chlorites:  by  MM.  Fordos  and  Gelis.  J.  Pharm.  [3] 
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On  chlorimetry :  by  (7.  Nollner.     Ann.  Ch.  Pharm.  xcv.   113;  J.  Pharm. 

[3]  xxviii.  239;  Chem.  Gaz.  1855,  332. 

Chlorine  and  oxalic  acid.     Ann.  Ch.  Pharm.  xcv.  120 ;   Chem.  Gaz.  1855, 

342. 

On  the  compounds  of  chlorine  vs^ith  iodine :  by  /.  Trapp.     Chem.  Gaz. 

1855,  52. 

New  observations  on  the  action  of  bromide  and  chloride  of  lime  on  organic 

substances  :  by  M.  Chautart.     J.  Pharm.  [3]  xxvii.  179. 

Action  of  terchloride  of  phosphorus  on  a  series  of  monohydrated  acids : 

by  A.  Bhhamp.     Compt.  rend.  xl.  944. 

On  a  new  mode  of  forming  the  sulphochloride  of  phosphorus.     Ann.  Ch. 

Pharm.  xciii.  274;  Ann.  Ch.  Phys.  [3]  xliv.  56. 
On  the  use  of  hypochlorite  of  magnesia  and  hydrate  of  magnesia  as  an 

antidote    to    poisoning    by    phosphorus:     by   L.   Hofmann.      Arch. 

Pharm.  cxxxiii.  146  ;  Chem.  Gaz.  1855,  384. 
Chloroform. — On  some  new  derivatives  of  chloroform  :  by  A.  W.  Williamson. 

Ann.  Ch.  Phys.  [3]  xliv.  54. 
Chlorophyll. — On  the  dispersed  red  light  in  solution  of  chlorophyll :  by  the 

Prince  of  Salm-Horstmar.     Pogg.  Ann.  xciv.  467  ;    Phil.   Mag.  [4]  x. 

310. 
Cholera.— Notices  respecting  the  cholera:  hj  von  Bibra.     Ann.  Ch.  Pharm. 

*  xciv.  206 
Cholesterin. — On  a  microchemical  reaction  of  cholesterin  and  the  amyloid 

corpuscles  :  hjJ.  MoleschotL     Compt.  rend.  xl.  361  ;  Chem.  Gaz.  1855, 

112  ;  J.  pr.  Chem.  Ixiv.  405. 
C  h  r  0  m  i u  m. — Facts  relating  to  the  history  of  chromic  acid  :  by  M.  Margueritte. 

J.  Pharm.  [3]  xxvii.  21 ;  J.  pr.  Chem.  Ixiv.  502. 
Combustion  of  organic  bodies  by  means  of  chromate  of  lead  and  bichro- 
mate of  potash  :  by  Br.  Mayer.     Ann.  Ch.  Pharm.  xcv.  204. 
On   the  behaviour  of  the  weaker  acids  with  chromate  of  potash  :    by 

B.  Schweizer.     J.  pr.  Chem.  Ixv.  173, 
On  the  manufacture  of  chromate  and  bichromate  of  potash,  chromate  and 

bichromate  of  soda,  chromate  of  lime,  chromate  and  dichromate  of 

lead,  chromate  of  zinc,  &c,     Pharm.  J.  Trans,  xv.  32,  66. 

On  the  analysis  of  chrome-ores  :  by  P.  Hart.     Chem.  Gaz.  1855,  458. 

On  the  use  of  bichromate  of  potash  in  volumetric  analysis :  by  W.  Cassel- 

mann.     Ann.  Ch.  Pharm.  xcvi.  129. 
Chrysene. — On  some  of  the    basic    constituents  of  coal-naphtha,    and  on 

chrysene:  by  C.  G.  Williams.     Chem.  Gaz.  1855,401. 
Chrysomela. — Chemical  examination  of  the  Chrysomela  (jenea:  by  /.  B.  Bnz. 

Chem.  Gaz.  1855,  346. 
Cinchona. — The  cinchona  barks,  and  the  more  important  questions  relating 

to  them  :  by  MM.  Belondre  and  Bouchardat.      Pharm.  J.  Trans,  xiv. 

513,  570. 
Cinchonine. — On  the  volatile  bases  produced  by  destructive  distillation  of 

ciuchonine:    by  C.  G.  Williams.      Chem.  Gaz.  1855,  301,325;  Phil. 

Trans,  xxi.  2,  309. 
Citrates. — On  the  preparation  of  sohible  citrate  of  magnesia:  by  E.  Robiqnet. 

Pharm.  J.  Trans,  xv.  IH.4. 
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Clay-slat  e. — See  Minerals. 

Clover. — Chemical  composition  of  red  and  black  clover  [Trifolium  pratense 
and  Tr.  hyhridum)  in  different  stages  of  growth  :  by  //.  Ritthamen. 
J.  pr.  Chem.  Ixv.  8. 

Alteration  of  clover-hay  by  washing  with  rain :  by  H.  Ritthausen.     J.  pr. 

Chem.  Ixv.  8. 

Influence  of  manuring  with  ashes  and  gypsum  on  the  chemical  compo- 
sition of  clover:  by  H  Ritthausen.     J.  pr.  Chem.  Ixv.  15. 

Coal. — On  the  origin  of  coal :  by  M.  Boutigny.  Compt.  rend.  xl.  476  ;  J.  Pharm. 
[3]  xxvii.  365. 

On  the  manufacture  and  application  of  various  products  obtained  from 

coal  (coal-gas  excepted) :    by  F.  C.  Calvert.     J.  Fr.  Inst.   [3]  xxix. 
277,  332. 

Coal-naphtha. — See  Naphtha. 

Cobalt. — Crystallised  phosphate  of  cobalt.  Ann.  Ch.  Pharm.  xciv.  357; 
J.  Pharm.  [3]  xxviii.  238;  J.  pr.  Chem.  Ixvi.  126. 

Separation  of  nickel  from  cobalt:  by  T.  H.  Henry.   Chem.  Gaz.  1855,  237. 

Pleochroism  of  ammonio-cobaltous  sulphate  :  by  /.  Muller.     Pogg.  Ann. 

xcvi.  340. 

On  the  nitrite  of  cobaltic  oxide  and  potash  :  by  A.  Stromeyer.     Ann.  Ch. 

Pharm.  xcvi  218. 

Coccodea. — On  the  green  matter  of  the  Coccodea  viridis.  J.  pr.  Chem. 
Ixiv.  248. 

Cochineal. — On  a  new  variety  of  cochineal — cake-cochineal:  by  J.Stark 
Pharm.  J.  Trans,  xiv.  346. 

Cod. — Analysis  of  the  ashes  of  cod-fish  scales:  by  W.  Wicke.  Ann.  Ch. 
Pharm.  xcv.  375. 

Coffee. — On  coffee-leaves  as  a  substitute  for  tea-leaves  :  by  Dr.  van  der  Carput. 
Ann.  Ch.  Pharm.  xciii.  127;  J.  pr.  Chem.  Ixiv.  248. 

Use  of  coffee-leaves  in  Sumatra.     Pharm.  J.  Trans,  xiv.  427. 

Some  experiments  on  coffee  as  a  beverage :  by  A.  T.  Dalson  and  C.  M. 

Wetherill.     J.  Fr.  Inst.  [3]  xxx.  60,  111. 

On  Horsley's  test  for  coffee  :  by  /.  JF.  Slater.     Chem.  Gaz.  1855,  476. 

Collodion. — On  sensitive  collodion  :  by  T.  S.  Woods.    Phil.  Mag.  [4]  ix.  398. 

Colours. — On  the  use  of  silicate  of  potash  for  fixing  colours  on  various  sub- 
stances :  by  M.  Baudrimont.     Compt.  rend.  xli.  367. 

On  the  behaviour  of  some  bodies  at  elevated  temperatures,  and  particu- 
larly of  several  colouring  matters  under  the  glazing  of  pottery:  by 
J.  G.  Gentele.     Chem.  Gaz.  1855,  252. 

Black  stain  for  wood:  by  C.  Karmarseh.     Chem.  Gaz.  1855,  260. 

On  the  green  colour  of  the  ferrico-alkaliue  oxalates,  and  the  white  of  the 

iron  alums  :  by  W.  Haidinger.     Pogg.  Ann.  xciv.  246. 

On  the  white  colour  of  iron  alums,  and  the  brown  of  their  aqueous  solu- 
tion :  by  H.  Rose.     Pogg.  Ann.  xciv.  459. 

On  madder  colours  :  by  E.  Schwartz.     Chem.  Gaz.  1855,  18. 

Distinction  between'well-  and  ill-dyed  black  fabrics  :  by  /.  /.  Pohl.    J.  pr. 

Chem.  Ixiv.  51. 

Schweinfurt  green  with  butyric  acid.     Ann.  Ch  Pharm.  xciv.  44;  Chem. 

Gaz.  1855,  272;  J.  pr.  Chem.  Ixv.  125. 

Note  on  the  production  and  preparation  of  a  new  green  colouring  matter  : 

by  F.  Verdeil.     Compt.  rend.  xli.  588;  Chem.  Gaz.  1855,  457. 
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Colouring  Matter. —  On  &  green  colouring  matter  extracted  from  the  arti- 
choke.    Compt.  rend.  xli.  588. 
Colza. — Researches  on  the  composition  of  the  sti'aw  of  colza:  by  /.  Pierre. 

Compt.  rend.  xli.  566. 
Contact. — On  certain  contact-actions:    by  C.  F.  Schdnbein.     J,  pr.  Chem. 

Ixv.  96. 
C  0  p  p  e  r. — ^Volumetric  determination  of  copper :  by  C.  Mohr.    Ann.  Ch.  Pharm. 
xcii.  97;    J.  pr.  Chem.  Ixiv.  234;    Ann.  Ch.  Phys.  [3]  xliii.  352; 
J.  Pharm.  [3]  xxvii.  376. 

On  the  coating  of  copper  and  brass  with  platinum  by  the  electrotype  :  by 

M.  Jewreinqff.     Chem.  Gaz.  1855,  458. 

On  a  reaction  of  protosalts  of  iron  in  presence  of  copper :  by  /.  W,  Slater. 

Chem.  Gaz.  1855,414. 

New  process  for  the  estimation  of  copper :  by  L.  E.  Rivot.     J.  Pharm. 

[3]  xxvii.  277. 
On  the  method  of  assaying  copper  introduced  by  Kerl  into  the  copper- 
works  of  the  Oberharz  :  by  A.  Streng.     Pogg.  Ann.  xciv.  506. 

Separation  of  copper  and  zinc :  by  M.  Hautefeuille.    Compt.  rend.  xl.  137 ; 

Chem.  Gaz.  1855,  75. 

Action  of  glucose  on  salts  of  copper  in  presence  of  acetates :  by  A.  Rei/noso. 

Compt.  rend.  xli.  278;  Chem.  Gaz.  1855,  385. 

On  the  colour  of  chloride  of  copper  in  different  states  of  hydration :  by 

/.  U.  Gladstone.     Chem.  Soc.  Qu.  J.  vii.  211. 

Extraction  of  silver  by  Augustin*s  method  from  copper  matter  containing 

lead  and  zinc  :  by  Frof.  Plattner.     Chem.  Gaz.  1855,  53. 

A  brief  notice  of  some  facts  connected  with  the  Duck  Town,  Tennessee, 

copper-mines  :  by  M.  Tuomey.     Sill.  Am.  J.  [2]  xix.  181. 

Estimation  of  copper:  by  C.  Mohr.     Ann.  Ch.  Pharm.  xcvi.  215. 

Peacock  copper  ore  from  Coquimbo,  in  Chili.     Ann.  Ch.  Pharm.  xcvi. 

244. 
Corpuscula  amylace a. — On  a  microchemical  reaction  of  cholesterin  and  the 

Corpuscula  amylacea  :  by  /.  Moleschott.    J.  pr.  Cheui.  Ixiv.  405. 
Cotton. — On  the  action  of  organic   acids  on   cotton   and   flax   fibres:    by 

F.  a  Calvert.     Pharm.  J.  Trans,  xiv.  364. 
Coumar amine. — On coumaramine,  anew  base  derived  from  nitrocoumarine : 

by  A.  Frapolli  and  L.  Chiozza.    Ann.  Ch.  Pharm.  xcv.  252. 
Creosote.— On  the  composition  of  creosote :    hy  E.  v.  GortepJBesanez.     Ann. 

Ch.  Pharm.  xcvi.  39. 
Crystal  line  Form. — On  the  relation  between  chemical  composition,  specific 
gravity,  and  crystalline  form,  in  the  spathic  carbonates :  by  F.  H. 
Schroder.     Pogg.  Ann.  xcv.  441,  562 

On  the  isomorphism  of  homologous  compounds  :  by  /.  Nickles.     Compt. 

rend,  xl,  980  ;  J.  Pharm.  [3]  xxvii.  403. 

Contributions  to  the  study  of  polymeric  isomorphism  (2d  continuation)  : 

by  Th.  Scheerer.     Pogg.  Ann.  xcv.  497;  further:  ibid.  615. 

On  tetartohedry  in  the  tesseral  system  :  by  C.  F.  Naumann.    Pogg.  Ann. 

xcv.  465. 

Further  researches  into  the  properties  of  the  sulphate  of  iodo-quinine  or 

Herapathite,  more  especially  with  regard  to  its  crystallography;  with 
additional  facts  concerning  its  optical  relations :  by  W.  B.  Herapath. 
Phil.  Mag.  [4]  ix.  306. 
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Crystalline  Form. — On  the  crystalline  form  of  graphite  and  chondrodite : 
by  N.  A.  E.  Nordenskiold.     Pogg.  Ann.  xcvi.  110. 

On  the  trigonal  trapezohedron  of  the  hexagonal  system,  and  its  occurrence 

in  quartz :  by  A.  Kenngott.     Pogg.  Ann.  xciv.  591. 

On  the  crystalline  form  of  mandelic  acid,  and  of  aldehyde  ammonia  :  by 

J.  Heusser.     Pogg.  Ann.  xciv.  637. 

On  the  crystalline  forms  of  strychnine :   by  A.  Kenngott.     Pogg.  Ann. 

xcv.  613. 

On  the  form  of  the  right  and  left  double  tartrates,  and  of  racemic  acid  : 

by  C.  Rammelsberg .     Pogg.  Ann.  xcvi.  28. 
On  the  form  and  composition  of  tartrate  of  potash  and  tartrate  of  ammonia, 

and  on  their  isomorphous  mixture  :  by  C.  Rammelsberg.     Pogg.  Ann. 

xcvi.  18. 
•  On  a  new  kind  of  crystal-models  in  glass  :   by  /.  Schnabel.     Pogg.  Ann. 

xcv.  626. 
On  the  crystallisation  and  internal  structure  of  quartz :  by  Jf.  Descloizeaux. 

Ann.  Ch.  Phys.  [3]  xlv.  129,  257. 
Crystals. — On  the  adjustment  of  crystals  for  measurement  with  the  reflective 

goniometer:  by  W.  H.  3L     Phil.  Mag.  [4]  ix.  138. 
Measurement  of  the  angles  of  crystals  with  the  geognostic  compasses  :  by 

G.  Sandberger.     Pogg.  Ann.  xciv.  462. 

On  the  development  of  crystals :  by  Frankenheim.     Pogg.  Ann.  xcv.  347. 

■  On  the  molecular  constitution  of  crystals :  by  U.  T.  Forster.     Phil.  Mag. 

[4]  X.  108,  310. 
On  the  formation  of  crystals  with  nuclei :  by  H.  Kopp,     Ann.  Ch.  Pharm. 

xciv.  118. 
Cubeba. — Examination  of  the  Czibeba  Clusii  Miquel,  or  black  pepper  of  West 

Africa  :  by  /.  Stenhouse.     Ann.  Ch.  Pharm.  xcv.  100  ;  J.  Pharm.  [3] 

xxviii.  238 ;  Pharm.  J.  Trans,  xiv.  363. 
Cumyl. — On  cuminic  alcohol :  by  C.  Kraut.    Ann.  Ch.  Pharm.  xcii.  66  ;  J.  pr. 

Chem.  Ixiv.  159 ;    Ann.  Ch.  Phys.  [3]  xliii.  347  ;    Chem.  Soc.  Qu.  J. 

viii.  166. 
C  urara. — Experiments  on  poisoning  by  curara  :  by  A.  JRei/noso.   Corapt.  rend. 

xl.  118. 
Cyanides. — On  some  double  cyanides :  by  F.  Reindel.    J.  pr.  Chem.  Ixv.  450 ; 

Chem.  Gaz.  1855,  437. 
On  the  cyanides  of  platinum  :  by  A.  Schafarill.    Wien.  Akad.  J3er.  xvii. 

37;  Chem.  Gaz.  1855,  44 i. 
Cyanogen. — Spontaneous  formation  of  hydrocyanic  acid  in  a  pharmaceutical 

preparation  :  by  M.  Plumber.    J.  Pharm.  [3]  xxvi.  437. 
:  Volumetric  determination  of  hydrocyanic  acid  and  the  alkaline  cyanides : 

by  Carl  Mohr.     Ann.  Ch.  Pharm.  xciv.  198;  Chem.  Gaz.  1855,  248. 
On  Carl  Mohr's  method  of  estimating  hydrocyanic  acid  by  copper  salts. 

Ann.  Ch.  Pharm.  xcv.  118;  Chem.  Gaz.  1855,  331. 
Action  of  water  at  a  high  temperature,  and  under  strong  pressure,  on  the 

pyrophosphate,  metaphosphates,  cyanides,  &c. :  by  A.  Repioso.     Ann. 

Ch.  Phys.  [3]  xlv.  107. 
On  the  analysis  of  the  compound  cyanides  :    by  Carl  Mohr.    Ann.  Ch. 

Pharm.  xcv.  110. 
On  the  presence  of  cyanogen  in  Kali  carbon,  e  tartaro :   by   W.  Wicke. 

Ann.  Ch.  Pharm.  xciv.  43. 
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Cyanogen. — On  the  occurrence  of  cyanide  of  potassium  in  the  melt  obtained 

in  the  manufacture  of  cyanide  of  jjotassium :  by  A.  Reimann.     J.  pr. 

Chem.  Ix.  262  ;  Chem.  Gaz.  1855,  20. 
On  a  new  compound  of  sulphocyanogen  (rhodanogen)  with  ethylene  :    by 

F.  L.  Sonnenschein.    J.  pr.  Chem.  Ixv.  257;  Chem.  Gaz.  1855,  396. 
On  the  approximate  estimation  of  prussiate  of  potash :  by  /.  W.  Slater. 

Chem.  Gaz.  1855,  435. 
Manufacture  of  yellow  and  red  prussiate  of  potash,  prussian  blue,  cyanide 

of  potassium,  &c.     Pharm.  J.  Trans,  xv.  219,  278. 
Cymidine.— On  the  formation  and  some  of  the  properties  of  cymidine,  the 

organic  base  of  the  cymol  series :    by  /.  Barlow.      Proc.  Roy.  Soc. 

vii.  446  ;  Chem.  Gaz.  1855,  319. 
Cystine.— Remarks  on  the  formation  of  cystine :  by  F.  Toel.    Ann.  Ch.  Pharm. 

xcvi.  247. 


D. 

Decomposition. — Facts  relating  to    the   double  decomposition  of   salts. 

Action  of  glucose  on  salts  of  copper  in  presence  of  acetates:   by 

A.  Rei/noso.     Compt.  rend.  xli.  278. 
On  some  facts  relating  to  double  decomposition :  by  M.  Tissier.     Compt. 

rend.  xli.  362. 
Definite  Proportions. — On  an  apparent  perturbation  in  the  law  of  definite 

proportions  observed  in  the  compounds  of  zinc  and  antimony :  by 

/.  P.  Coolce.     Sill.  Am.  J.  [2]  xx.  222. 
Density.— On  the  density,  expansion  by  heat,  and  boiling  points  of  certain 

liquids  :  by  H.  Kopp.     Ann.  Ch.  Pharm.  xciv.  257 ;  xcv.  307. 
— —  On  the  relation   between   chemical  composition,   specific   gravity,   and 

crystalline  form,  in  the  spathic  carbonates  :  by  F.  H.  Schroder.     Pogg. 

Ann.  xcv.  441,  562. 
On  the  densities  of  certain  substances   (quartz,  corundum,  metals,  &c.) 

after  fusion  and  rapid  cooling  :  by  Ch.  Deville.    Compt.  rend.  xl.  769  ; 

J.  pr.  Chem.  Ixv.  345. 
Detonating  Gas. — On  a  new  and  safe  apparatus  for  experimenting  with  the 

flame  of  detonating  gas :  by  Jneichen.     Pogg.  Ann.  xcv.  333. 
Diffusion. — On  diffusion  :  by  A.  Fick.     Pogg.  Ann  xciv.  59;  Phil.  Mag.  [4] 

X.  30. 
Digestion. — Microchemical  researches  on  the  digestion  of  starch  and  amy- 
laceous foods  :  by  P.  B.  Ayres.      Proc.  Roy.  Soc.  vii.  225  ;  Phil.  Mag. 

[4]  ix.  459. 
Researches  on  the  digestion  of  amylaceous  substances :  by  M.  BlondloL 

Ann.  Ch.  Phys.  [3]  xl.  223  ;  J.  Pharm.  [3]  xxvii.  288. 
Dioscorea. — Analysis  of  the  tubers  of  the  Chinese  potato  {Dioscorea  Batatas, 

Igname  de  Chine):  h^  F.Frkmy.     Compt.  rend.  xl.  128;  Chem.  Gaz. 

1855,  70. 
Disinfection. — On  the  deodorising  and  disinfecting  properties  of  charcoal, 

lime,  sand,  and  gravel.     Pharm.  J.  Trans,  xv.  125. 
Distillation. — On   the  products   of  the   destructive  distillation   of  animal 

substances :  by  T.  Andersott.     Ann.  Ch.  Pharm.  xciv.  358. 
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Da3glal. — On  doeglal  and  ethal.     Ann.  Ch.  Pharm.  xcvi.  236. 

Dolium.  —On  the  saliva  oi Bolium  galea  :  by  Troschel.    Pogg.  Ann.  xciii.  614; 

J.  pr.  Chem.  Ixiii.  J  70. 
Dyeing. — See  Colour. 


Effervescence. — Effervescing    powder:    by  /.    Otto.      Ann.    Ch.   Pharm. 

xciii.  878. 
E  fflo  re  scene  e. — On  a  peculiar  efflorescence  of  the  chloride  of  potassium  :  by 

R.  Warington.     Chem.  Soc.  Qu.  J.  viii.  30 ;  J.  pr.  Chem.  Ixv.  251. 
Eggs. — On   the   composition  of  eggs  in   the  animal  series.     Part  III. :  by 

Valenciennes  and  ¥remy.     Sill.  Am.  J.  [2]  xx.  65. ;  Chem.  Gaz.  1855, 

409. 
Analysis  of  the  egg-shell  oi  Alligator  sclerops,  Schn. :  by  W.  Wicke.     Ann. 

Ch.  Pharm.  xcv.  376. 
E 1  a  y  1. — See  ethylene. 
Electricity. — On   the   existence   of  an  electric   ether  through   space:    by 

/.  Knox.     Phil.  Mag.  4^  ix.  457. 
Eesearches  on  the  electric  effects  produced  by  the  contact  of  solids  and 

liquids  in  motion  :  by  H.  Becquerel.      Ann.  Ch.  Phys.  [3]  xliv.  401 ; 

Compt.  rend.  xl.  1344. 
On  the  action  of  non-conducting  bodies  in  electric  induction :  by  P.  Riess. 

Phil.  Mag.  [4]  ix.  401. 
Further  observations  on  associated  cases,  in  electric  induction,  of  current 
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P^  Ann.  Ch.  Pharm.  xcii.   125  ;  J.  Pharm.  [3]  xxvii.  155;  J.  pr.  Chem. 

Ixiv.  174  ;  Chem.  Gaz.  1855,  113. 
Gluten. — On  the  preparation  of  iodised  gluten,  and  on  its  therapeutic  proper- 
ties :  by  M.  Gagnage.     Compt.  rend.  xl.  1224. 
Glycerine. — Action  of  iodide  of  phosphorus  on  glycerine:  hy  MM.  Berthelot 

and  de  Luca.     Ann.  Ch.  Phys.  [3]  xliii.  257  ;  Compt.  rend,  xxxix.  745  ; 

Chem.  Soc.  Qu.  J.  viii.  145. 
Action  of  hydriodic  acid  upon  glycerine  :  by  MM.  Berthelot  and  de  Luca. 

Ann.  Ch.  Phys.  [3]  xliii.   279;  Compt.  rend,  xxxix.   748;  Chem.  Soc. 

Qu.  J.  viii.  192. 
Theory  of  the  glycerine-compounds:  by  A.    Wnriz.     Ann.  Ch.  Phys.  [3] 

xliii.  492. 
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Glycerine.— On  trinitroglycerine:  hy  A.  W.  Williamson.    Ann.  Ch,  Phys.  [3] 

xliii.  492. 
On  nitroglycerine  or  glonoine  :  by  M.  de  Vrij.    J.  Pharm.  [3]  xxviii.  38  ; 

Pharm.  J.  Trans,  xv.  129;  Cham.  Gaz.  1855,  383. 
On  a  process  for  obtaining  and  purifying  glycerine,  and  on  some  of  its 

applications:  by  G.  F.  Wilson.     Pharm.  J.  Trans,  xv.  233. 
Glycogeny. — On  morbid  glycogeny  :  by  31.  Semmola.     Compt.  rend.  xli.  430. 
G  0 1  d. — Observations  on  the  extent  of  the  gold  region  of  California  and  Oregon, 

with  notices  of  mineral  localities  in  California,  and  of  some  remarkable 

specimens  of  crystalline  gold :  by  W.  P.  Blake.     Sill.  Am.  J.  [2]  xx. 

72. 
Desulphuration  of  metals  and  extraction  of  gold:  by  H,  Holland.    J. 

Pharm.  [3]  xxvii.  319. 
Note  on  a  process  for  extracting  the  gold  allied  with  iridium  in  the  ashes 

found  in  the  preparation  of  iridium  :  by  M.  d'Hennin.     Compt.  rend. 

xl.  1203. 

Analysis  of  two  gold  idols  of  the  aborigines  of  New  Granada :  by  E. 

Uricoechea.     Sill.  Am.  J.  [2]  xix.  246. 

On  a  new  compound  of    gold  and  mercury:    by  T.  H.  Henry.     Phil. 

Mag.  [4J  ix.  458. 
On   a  new  process  for    electro-gilding :    by  M,   Briant.      Chem.   Gaz. 

1855,  153. 
Grain. — On  the  preservation  of  grain  :  by  L.  Dufour.     Compt.  rend.  xli.  503. 
Guano. — Determination  of  nitrogen  in  guano.    J.  pr.  Chem.  Ixv.  230. 
On  Columbian  guano,  and  on  certain  peculiarities  in  the  behaviour  of 

bone-phosphate  of  lime  :  by  C.  Morfilt.     Chem.  Gaz.  1855,  451. 
Gums. — On  gum  mezgnite:  by  C.  Morfitt.     Chem.  Gaz.  1855,  86  ;  Sill.  Am.  J. 

[2]  xix.  263 :  Pharm.  J.  Trans,  xv.  43. 
On  gum  of  Sonora,  juice  of  Varennea,  and  resin  of  Panal :  by  L.  Soubelran. 

J.  Pharm.  [3]  xxviii.  196. 
On  tragacanth  and  some  allied  gums  :  by  M.  Quihourt.     Pharm.  J.  Trans. 

XV.  57. 
Gun-cotto n. — See  Fyroxiline. 


H. 

Haematin. — On  the  false  internal  dispersion  of  the  dichroitic  solution  of 
haematin  :  by  B.  Brucke.     Pogg.  Ann.  xciv.  426.  ^. 

Heraatoidine.— On  the  composition  of  hematoidine  :  hy  C.  Robin.  Compt. 
rend.  xli.  506. 

Harmonica. — New  form  of  the  chemical  harmonica:  hy  R.  Bbllr/ei\  Pogg. 
Ann.  xciv.  572. 

H  ay. — Alteration  of  clover-hay  by  washing  with  rain :  by  H  Ritthausen.  J.  pr. 
Chem.  Ixv.  8.      • 

Heat. — On  the  dynamical  theory  of  heat.  Part  V. — On  the  quantities  of  mecha- 
nical energy  contained  in  a  fluid  in  different  states  as  to  temperature 
and  density :  by  W.  Thomson.     Phil.  Mag.  [4]  ix.  523 

— —  On  the  mechanical  antecedents  of  motion,  heat,  and  light :  by  W.  Thomson. 
Compt.  rend.  xl.  1197. 
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Heat. — Note  on  the  mechanical  equivalent  of  heat:  by  /,  P.  Joule.     Compt, 

rend.  xl.  309. 
Note  on  the  mechanical  equivalent  of  heat :  by  C.  Person.     Compt.  rend. 

xxxix.  1131. 
On  the  density,  expansion  by  heat,  and  boiling  points  of  certain  liquids  : 

by  H.  Kopp.     Ann.  Ch.  Pharm.  xciv.  257  ;  xcv.  307. 
On  the  connection  between  the  boiling  points  and  specific  iBolumes  of 

organic  compounds,  and  their  chemical  composition.    Ann.  Ch.  Pharm. 

xcv.  121. 

On  the  change  of  volume  produced  in  certain  substances  by  heating  and 

y  fusion:  by /T.  Kopp.     Ann.  Ch.  Pharm.  xciii.   129;  Phil.  Mag.  [4] 
1  ix.  477. 
Observations  on  fusion  and  solidification  :  by  /.  Bonis.     Ann.  Ch.  Phys. 

xliv.  152. 
On  the  tension  of  vapours  at  different  temperatures,  in  vacuo  and  in  gases ; 

and  on  the  tension  of  vapours  evolved  from  mixed  or  superposed 

liquids  :  by  F.  BegnauU.     Pogg.  Ann.  xciii.  537  ;  Phil.  Mag.  [4]  ix.  4; 

J.  Pharm.  [3^  xxvii.  172. 

On  the  heat  of  vapours  :  by  /.  W.  Lubbock.     Phil.  Mag.  [4]  ix.  25. 

On  the  pressures  of  saturated  vapours  :  by  W.  J.  M.  Rankine.     Phil.  Mag. 

[4]  x.  255. 
On  the  conduction  of  heat  in  metals :  by  G.   Wiedemann,      Pogg.  Ann. 

xcv.  337;  Phil.  Mag.  [4]  x.  393. 

On  the  heating  and  cooling  capacity  of  gases.     J.  pr.  Chom.  Ixv.  92. 

On  the  difference  of  temperature  between  the  air,  the  soil  under  snow, 

and  soil  from  which  the  snow   has  been  removed :    by  M.  Rozet. 

Compt.  rend.  xl.  298. 
On  the  measurement  of  atmospheric  temperature  (2d  note) :  by  M.  Viard. 

Compt.  rend.  xl.  1265. 
On  the  method  of  obtaining  the  temperature  of  the  air :  by  M.  Renoti. 

Compt.  rend.  xl.  1083, 
On  the  relation  of  the  transmission  of  radiant  heat  through  crystals  to 

the  direction  of  transmission:    by  H.  Knoblauch.       Phil.   Mag.  [4] 

X.  16. 
On  the  diathermancy  of  certain  gases  and  coloured  liquids :  by  R.  Franz. 

Pogg.  Ann.  xciii.  337. 
On  the  thermometiic  scales  at  present  in  use  :  by  M.  Walferdin.     Compt. 

rend.  xli.  122. 
• Maximum-thermometer,  in  which  the  index  is  formed  l>y  a  blubbe  of  air : 

by  M.  Walferdin.     Compt.  rend.  xl.  951. 
— —Note    on    the    maximum-thermometer    of   Negretti    and    Zambra :    by 

M.  Secretan.     Compt.  rend.  xl.  1060. 
Modifications  in  Rutherford's  thermometer :  by  M.   Walferdin.     Compt. 

rend.  xl.  899. 
On  the  behaviour  of  some  bodies  at  elevated  temperatures,  and  particularly 

of  several  colouring  matters  under  the  glazing  of  pottery :  by  /.  G. 

Gentele.     Chem.  Gaz.  1855,  252. 
On  the  chemical  effects  of  electricity,  heat,  and  ligiit :  by  C.  F.  Schonbein. 

J.  pr.  Chem.  Ixv.  129. 
On  the  heat  produced  by  electricity  in  its  passage  through  metallic  wires: 

by  M.  Viard.     Ann.  Ch.  Phys.  [3]  xliii.  304. 
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Heat. — On  the  heating  action  of  the  induction-spark:  by  J.  0.  Foggendorff. 

Pogg.  Ann.  xciv.  632. 
Influence  of  heat  on  the  progress  of  vegetation :  by  M.  de  Gasparin.  Compt. 

rend.  x\.  1089. 
Action  of  heat  on  ferric  hydrate  and  acetate :  by  L.  PSan  de  St.-GUles. 

Compt.  rend.  xl.  1243;  Chem.  Gaz.  1855,  367. 
— —  On  the  tension  of  the  vapours  of  mixed  liquids :  by  G.  Magnus.     Pogg. 

Ann.  xciii.  579;  Phil.  Mag.  [4]  ix.  44. 
On  steam-boiler  explosions,  and  the  explosive  force  of  highly  heated  water ; 

by  /.  Sewell.     J.  Fr.  Inst.  [3]  xxix.  338,  396. 
Heliographic  Engraving. — Note  on  a  new  method  of  biting  for  helio- 

graphic  engraving  upon  steel :  by  Niepce  de  St. -Victor.     Compt.  rend. 

xl.  584;  Chem.  Gaz.  1855,  167. 
Hemp. — Cleansing  of  flax  and  hemp  by  means  of  nrea  and  water  at  ordinary 

temperatures  :  by  M.  Blet.     Compt.  rend.  xl.  122. 
Herapathite. — See  Quinine. 

Honey. — Purification  of  honey.     Pharm.  J.  Trans,  xv.  121. 
Horse-radish. — On  the  rubefacient  properties  of  horse-radish  powder,  and  its 

use  as  a  substitute  for  flour  of  mustard :  by  M.  Lepage.    J.  Pharm.  [3] 

xxvii.  268. 
Hydraulic  Limes. — ^ee  Lime. 
Hydraulic  Materials. — On  hydraulic  materials  adapted  for  marine  works: 

by  M.  Vicnt.    Ann.  Ch.  Phys.  [3]  xlv.  112. 
Hydrocarbons. — On  the  constitution  of  the  hydrocarbons:  by  W,Odling. 

Chem.  Gaz.  1855,  176. 
Hydrocotyle. — On  the  Hydrocotyle  asiatica :   by  /.  Lepine.    J.  Pharm.  [3] 

xxviii.  47. 
Hydrocyanaldine. — On  hydrocyanaldine  :  by  A.  Strecker.    Ann.  Ch.  Phys. 

[3]  xliii.  237. 
H y  dro  g e  n. — On  the  inflammability  of  hydrogen :  by  M.  Baudrimont.     Compt. 

rend.  xli.  177;  Phil.  Mag.  [4]  x.  231. 
On   the  reducing  action   of  hydrogen  gas  evolved  by  electrolysis :   by 

G.  Osann.     Pogg.  Ann.  xcv.  311. 
— —  New  facts  relating  to  the  peculiarity  of  hydrogen  gas  prepared  by  the 

galvanic  process:  by  G.  Osann.     Pogg.  Ann.  xcv.  315. 
Evolution  of  carburetted  hydrogen  gas  at  a  point  in  the  valley  of  the  Arve : 

by  M.  Frezin.     Compt.  rend.  xli.  410. 
— —  On   some  remarkable  chemical  properties   of  electrolytic    oxygen    and 

hydrogen :  by  if.  Osann.     Pogg.  Ann.  xcvi.  498  ;  J.  pr.  Chem.  Ixvi. 

102. 
On  the  inflammability  of  hydrogen  gas  :  by  M.  Baudrimont.    Pogg.  Ann. 

xcvi.  351. 
Hygrometer. — On    the    new    hygrometer    or    dew-point    instrument:    by 

A.  Connell.     Phil.  Mag.  [4]  ix.  143. 
Improvements  on  a  dew-point  hygrometer  lately  described  by  the  author : 

by  A.  Connell.    •Phil.  Mag.  [4]  x.  293. 
Hypochlorites. — See  Chlorine. 
Hyposulphites. — Notes  on  the  behaviour  of  hyposulphite  of  potash  with 

certain  salts :  hy  J.  JF  Slater.     Chem.  Gaz.  1855,  369. 
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Ice. — On  the  formation  of  ground-ice :  by  0.  Maschke.    Pogg.  Ann.  xcv.  226. 
Ichthyosis. — Chemical  examination  of  an  ichthyosis  mass:   by  /.  Schloss 

berger.   Ann.  Ch.  Pharm.  xciii,  333 ;  J.  pr.  Chem.  Ixiv.  513.  Addendum 

Ann.  Ch.  Pharm.  xcvi.  8. 
Igasurine. — On  a  new  alkali,  igasurine,  found  in  Nux  vomica:  by  M.  Demi, 

J.  Pharm.  [3J  xxvii.  293  ;  Chem.  Gaz.  1855,  430. 
Ilraenium. — Researches  on  ilmenium,  niobium,  and  tantalum:  by  R.  Her 

mann.     J.  pr.  Chem.  Ixv.  54. 
Indian  Corn. — Analysis  of  Indian  corn,  wheat,  &c. :  by  ^.  Poison.     Chem 

Gaz.  1855,  211. 
India-rubber. — See  Caoutchouc. 
Indigo. — On  the  formation  of  indigo-blue:  by  B.  Schunck.    Phil.  Mag.  [4]  x. 

73;  Pharm.  J.  Trans,  xv.  166. 
On  the  frequent  occurrence  of  indigo  in  human  urine,  and  on  its  chemical, 

physiological,  and  pathological  relations :   by  A.  H.  Hassall.     Phil. 

Trans.  1854,  ii.  297. 
Infusions. — On  concentrated  infusions.     Pharm.  J.  Trans,  xiv.  403,  438, 

439,  452. 
Infusoria. — Examination  of  the  green  matter  contained  in  the  smallest  infu- 
soria: by  the  Prince  of  Salm-Horstmar.    Pogg.  Ann.  xciv.  466;  Phil. 

Mag.  [4]  X.  309. 
Analysis  of  the  infusorial  soil  of  Liineburg:   by  W.Wicke.    Ann.  Ch. 

Pharm.  xcv.  292. 
Analysis  of  the  lower  stratum  of  the  Liineburg  soil  containing  infusoria : 

by  W.  Wicke.     Ann.  Ch.  Pharm.  xcvi.  128. 
Ink. — Red-purple  ink  for  marking  on  linen.     J.  Pharm.  [3]  xxvi.  442;  J.  pr, 

Chem.  Ixiv.  501. 
Intestinal  Concretions. — On   intestinal   concretions:    by   Jules  Cloquet, 

Compt.  rend.  xl.  224. 
Iodides. — On  the  periodides  of  the  compound  ammonias:   by/.  Weltzien. 

Chem.  Gaz.  1855,  116. 
Iodine. — Improvements  in  the  process  for  manufacturing  iodine  (L.  Faure's 

patent).     Chem.  Gaz.  1855,  199. 
Use  of  hypermanganate  of  potash  for  the  detection  of  iodine  and  bromine 

in  mineral  waters :  by  0.  Henry.     J.  Pharm.  [3]  xxvii.  423. 
Note  on  the  search  for  iodine  in  the  air  through  the  medium  of  dew:  by 

A.  Chatin.     Compt.  rend,  xxxix.  1083;  J.  Pharm.  [3]  xxvi.  438. 
On  the  blue  colouration  of  starch  by  iodine :  by  if.  Blondet.    J.  Pharm. 

[3]  xxviii.  45. 
Volumetric  determination  of  iodides  in  presence  of  chlorides  and  bromides  : 

by  A.  and  ¥.  Bupre.     Ann.  Ch.  Pharm.  xciv.  365. 
On  the  colouration  of  starch  by  iodine :  by  A.  Bechamp.     J.  Pharm.  [3] 

xxviii.  303. 
On  the  compounds  of  chlorine  with  iodine :  by  /.  Trapp.    Chem.  Gaz. 

1855,  52. 

On  the  iodonitrate  of  silver:  by  /.  Schiauss.     Chem.  Gaz.  1855,  127,  347. 

On  the  preparation  of  iodised  gluten,  and  on  its  therapeutic  properties: 

by  M.  Gagnacje.     Compt.  rend.  xl.  1224. 
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Iodine. — On  the  preparation  of  the  solution  of  iodised  cbloride  of  zinc  as  a 

reagent  for  cellulose  in  microscopical  investigations :  by  L.  Radlkofer, 

Ann.  Ch.  Pharm.  xciv.  332;  Chem.  Gaz,  1855,  372. 
On  iodide  of  thiosinethylammonium  :  by  C.  Weltzien.    Ann.  Ch.  Pharm. 

xciv.  103 ;  J.  pr.  Chem.  Ixv.  318. 
On  the  compounds  of  iodine  and  strychnine  :  by  JF.  B.  Herapath.     Proc. 

Koy.  Soc.  vii.  447 ;  Chem.  Gaz.  1855,  320. 

Observations  on  iodised  oil :  by  M.  Bredschneider.  J.  Pharm.  [3]  xxvi.  433. 

Action  of  iodide  of  phosphorus  on  glycerine :  by  MM.  Berthelot  and  de  Luca. 

Ann.  Ch.  Phys.  [3]  xliii.  257;  Compt.  rend,  xxxix.  745;  Chem.  Soc. 

Qu.  J.  viii.  145. 
lodopropylen e. — See  Propylene. 
I  o  do  qui  nine. — See  Quinine. 
Iridium.— Note  on  a  process  for  extracting  the  gold  allied  with  iridium  in  the 

ashes  formed  in  the  prepai-ation  of  iridium ;  by  M.  d'Henniti.     Compt. 

rend.  xl.  1203. 
Iron. — Volumetric  determination  of  iron:    by  A.  8treng.     Pogg.  Ann.  xciv. 

493;  Chem.  Gaz.  1855,  191;  J.  pr.  Chem.  Ixv.  184. 
Quantitative  determination  of  iron  :  by  H.  Void.     Ann.  Ch.  Pharm.  xciv. 

218:  Chem.  Gaz.  1855,297. 
Researches  on  the  influence  of  sulphur  upon  iron,  and  on  its  partial  neu- 
tralisation by  phosphorus :  by  M.  Janoyes.    Ann.  Min.  [5]  vi.  149. 
Simple  mode  of  preparing  the  protoxides  of  iron,  manganese,  and  tin. 

Ann.  Ch.  Pharm.  xcv.  116  ;  Chem.  Gaz.  1855,  330. 
On  the  separation  of  oxide  of  iron  from  alumina:  by  B.  Bichter.     J.  pr. 

Chem.  Ixiv.  370 ;  Chem  Gaz.  1855,  315. 
On  the  quantitative  separation  of  the  oxides  of  iron  from  alumina:  by 

/.  Weeren.     Pogg.  Ann.  xcv.  397;  Chem.  Gaz.  1855,  315. 

Indirect  method  of  determining  alumina  and  the  oxides  of  iron  when 

they  occur  together:  by  T.  Weeren,     Pogg.  Ann.  xciii.  456;   J.  pr. 
Chem.  Ixiv.  60. 
— —  On  the  crystalline  form  and  chemical  composition  of  some  iron-furnace 
slags :  by  Th.  Scheerer.    Ann.  Ch.  Pharm.  xciv.  79. 

Crystalline  structure  of  iron.     Pharm.  J.  Trans,  xv.  185. 

On  the  preparation  of  Ferrum  pulveratum.    Ann.  Ch.  Pharm.  xciv.  125  ; 

Pharm.  J.  Trans,  xiv.  575;  Chem.  Gaz.  1855,  246;  J.  pr.  Chem. 
Ixv.  126 ;  J.  Pharm.  [3]  xxviii.  394. 

Additional  note   on   the  preparation  of  Ferrum  pulveratum.     Ann.  Ch. 

Pharm.  xcv.  192. 

Action  of  heat  upon  the  acetates  of  iron  :  by  L.  Bean  deSt.-Gilles.     Compt. 

rend.  xl.  568  ;  xli.  165  :  J.  Pharm.  [3]  xxvii.  364. 

Action  of  heat  on  the  ferric  hydrate  and  acetate :    by  L.  Bean  de  St.- 

Gilles.     Compt.  rend.  xl.  1243  ;  Chem.  Gaz.  1855,  367. 

On  the  process  of  electrochemical  decomposition,  and  on  the  electrolysis 

of  sesquichloride  of  iron  :  by  H.  Buff.     Ann.  Ch.  Pharm.  xciv.  1. 

On  the  white  colour  of  iron  alums,  and  the  brown  of  their  aqueous  solu- 

tions: by  ^.  Base.     Pogg.  Ann.  xciv.  459;  Chem.  Gaz.  1855,  186; 
J.  pr.  Chem.  Ixiv.  432  ;  J.  Pharm.  [3]  xxviii.  158. 

On  the  green  colour  of  the  ferrico-alkaline  oxalates,  and  the  white  of  the 

iron-alums  :  by  W.  Haidinger.     Pogg.  Ann.  xciv.  246. 

On  some  ferroso-ferric  phosphates:  by  G.  Jenzsch.     Pogg.  Ann,  xcvi.  139. 
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Iron. — OccuiTence  of  iron  in  normal  urine  and  in  perspiration  :  by  MM.  Fiale 
and  Latini.     J.  Pharm.  [3]  xxvii.  382, 

Improvements  in  the  treatment  of  heating,  puddling,  and  refining  iron 

slags  and  cinders  (F.  C.  Calvert's  patent).     Chem.  Gaz.  1855,  279. 

Analysis  of  an  enamel  for  cast-iron :  by  A.  Faiszt.     Chem.  Gaz.  1855,  317. 

Improvement  in  the  manufacture  of  cast  and  malleable  iron.      J.  Fr. 

Inst.  [3]  XXX.  212. 
On  the  supposed  influence  of  the  hot  blast  in  augmenting  the  quantity  of 

phosphorus  in  pig-iron :    by  D.  S.  Price  and  E.  C.  Nicholson.     Phil. 

Mag.  [4]'x.  423. 

Improvement  in  puddling  iron :  by  /.  Nasmyth.     J.  Fr.  Inst.  [3]  xxx.  209. 

On  the  composition  of  the  iron-ores  called  brass,  occurring  in  the  coal- 
measures  of  South  Wales  :  by  E.  C.  Nicholson  and  B.  S.  Price.     Chem. 

Gaz.  1855,  439. 
On  the  transformations  of  iron-ores:  by  IE.  F.  Glocker.    Pogg.  Ann.  xcvi. 

262. 
On  a  reaction  of  protosalts  of  iron  in  presence  of  copper :  by  /.  W.  Slater. 

Chem.  Gaz.  1855,  414. 

. Alloys  of  iron  and  aluminium :  by  F.  C.  Calvert.    Pharm.  J.  Trans,  xv.  232. 

The  titaniferous  iron  of  the  Mersey  shore  :   by  Dr.  Edwards.    Pharm.  J. 

Trans,  xv.  232. 
Iron,  Meteoric. — See  Meteorites. 
Isatine. — Action  of  aniline  upon  isatine,  bromisatine,  and  chlorisatine :  by 

A.  Engelhardt.     J.  pr.  Chem.  Ixv.  260;  Chem.  Gaz.  1855,  241. 
Action  of  bromaniline  and  chloraniline  upon  isatine :  by  A.  Engelhardt. 

Bull,  de  St.  Petersb.  xiii.  279  ;  Chem.  Gaz.  1855,  313;  J.  pr.  Chem. 

Ixv.  2('5. 

J. 

Jalap. — On  the  so-called  jalap  resins;   by   W.  Mayer.     Ann.  Ch.  Pharm. 

xcv.  129. 
Juice. — On  the  gum  of  Sonora,  juice  of  Varennea,  and  resin  of  Panal :  by 

L.  Soubeiran.    J.  Pharm.  [3]  xxviii.  196. 

K. 

Ketones. — Compounds  of  the  ketones  with  alkaline  bisulphites:  by  Dr.  Lim- 

pricht.    Ann.  Ch.  Pharm.  xciii.  238;  J.  Pharm,  [8]  xxvii.  318;  Chem. 

Gaz.   1855,   168;  Ann.  Ch.  Phys.  [3]  xliii.  488;  Chem.  Soc.  Qu,  J. 

viii.  154. 
On  some  supposed  aldehydes  and  ketones ;  by  Dr.  Limpricht.    Ann.  Ch. 

Pharm.  xciv.  243  ;  Chem.  Gaz.  1855,  209  ;  Chem.  Soc.  Qu.  J.  viii.  158. 
Kino.— On  kino:  by  H.  Eisfeldt.     Ann.  Ch.  Pharm.  xcii.  101. 
Koumiss.— On  the  koumiss,  or  beverage  of  the  Calmucks.    J.  Pharm.  [3] 

xxvii.  197. 

L. 
Lard. — See  Fats. 
Lead. Description  of  a  new  meteoric  iron  from  Chili  containing  native  lead: 

by  B,  P.  Greg.     Phil.  Mag.  [4]  x.  12. 
Presence  of  lead  in  commercial  hydrochloric  acid.      Pharm.  J.  Trans. 

xiv.  575. 
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Lea d. — Improvemeuts  in  the  reduction  of  lead  ores  :  by  /f  .  /.  Cookson.     Clieui. 

Gaz.  1855,  60  ;  J.  pr.  Chem.  Ixv.  121. 
On  tribasic  nitrate  of  lead  :  by  A.  Vogel,  Jun.     Ann.  Ch.  Pharm.  xciv.  96 ; 

J.  pr.  Chem.  Ixv.  121. 
Analysis  of  molybdate  of  lead,  and  its  use  as  a  test  for  phosphoric  acid  : 

by  W,  Wicke,     Ann.  Ch,  Pharm.  xcv.  373. 

On  tribasic  nitrate  of  lead :  by  M.  Vogeljun.     J.  Pharm.  [3]  xxviii.  395. 

Leptometer. — The  leptometer,  a  new  instrument  for  measuring  small  objects: 

by  G.  Sandberger.     Pogg.  Ann.  xciv.  464. 
Leucin — On  the  occurrence  of  leucin  and  tyrosin  in  the  human  liver:  by 

F.  T.  Frerkhs  and  G.  SUdeler.     Chem.  Gaz.  1855,  6. 
Preparation  of  leucin  from  the  aldehyde  of  valerianic  acid:  by  H.  Limpricht. 

Ann.  Ch.  Pharm.  xciv.  243  ;  Chem.  Gaz.  1855,  210  ;  Chem.  Soc.  Qu. 

J.  viii.  157;  J.  pr.  Chem.  Ixv.  512. 
Light. — Photochemical  researches:  by  R.  Bunsen  and  H,  E.  Boscoe.     Chem. 

Soc.  Qu.  J.  viii.  193;  Pogg.  Ann.  xcvi.  373. 
On  the  action  of  light  on  chlorine-water :  by  W.  C.  Wiitwer.     Pogg.  Ann. 

xciv.  597.  o 
Optical  researches:  hj  J.  Angstrom.      Pogg.  Ann.  xciv.  141;  Phil.  Mag. 

[4]  ix.  327. 
On  the  mechanical  antecedeutsof  motion,  heat,  and  light:  by  W.  Thomson. 

Compt.  rend.  xl.  1197. 
Note  on  the  possible  density  of  the  luminiferous  medium,  and  on  the 

mechanical  value  of  a  cubic  mile  of  sunlight:  by  W.  Thomson.     Phil. 

Mag.  [4]  ix.  36. 
Approximate   determination  of  the  indices  of  refraction  in  mica :    by 

W.  Haidinger.     Pogg.  Ann.  xcv.  493  ;  also  of  pennine,  ibid.  620. 
On  certain  physical  properties  of  the  light  of  the  electric  spark  within 

certain  gases  as  seen  through  a  prism  ;  by  D.  Alter.     Sill.  Am.  J.  [2] 

xix.  213. 

Contribution  to  the  history  of  fluorescent  bodies.     J.  pr.  Chem.  Ixv.  349. 

Remarks  on  fluorescence  :  by  M.  Osann.     Pogg.  Ann.  xciv.  640. 

Strongly  fluorescent  liquid.     Pogg.  Ann.  xcv.  176  ;  Phil.  Mag.  [4]  x,  69. 

On  the  alleged  fluorescence  of  a  solution  of  platinocyanide  of  potassium  : 

by  G.  Stokes.     Phil.  Mag.  [4]  x.  95, 
On  the  dispersed  red  light  in  solution  of  chlorophyll :  by  the  Prince  of 

Salm-Horstmar.     Pogg.  Ann.  xciv.  467,  Phil.  Mag.  [4]  x.  310. 
On  the  false  internal  dispersion  of  the  dichroitic  solution  of  hgematin  :  by 

E.  BriicJce.     Pogg.  Ann.  xciv.  426. 
Optical  properties  of  fulminuratc  of  ammonia  and  potash:  by  /.  Liehig. 

Ann.  Ch.  Pharm.  xcv.  291. 
Researches  on  the  optical  properties  developed  in  transparent  substances 

by  the  action  of  magnetism  :  by  M.  Verdet,    Ann.  Ch.  Phys,  [3]  xliii. 

37;  Phil.  Mag.  [4]  ix.  481. 
On  the  influence  of  light  on  the  production  of  carbonic  acid  in  animals ; 

by  /.  Moleschotf.     Compt.  rend,  xli,  363,  456.  643. 
On  the  action  of  the  violet  and  ultra-violet  invisible  rays  of  light :  by 

W.  Eisenlohr.     Pogg.  Ann.  xciii.  623;  Phil.  Mag.  [4]  ix.  1 14. 
On  tlie  chemical  effects  of  electricity,  heat,  and  liglit:  by  C.  F.  Schonheiu. 

J.  pr.  Chem.  Ixv.  129. 
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Light. — Conical  refraction  in   diopside  and  arragonite :    by  W.  Haidinger. 

Pogg.  Ann.  xcvi.  469. 
Abstract  of  the  report  on  the  influence  of  the  solar  radiations  on  the  vital 

powers  of  plants  growing  under  different  atmospheric  conditions :  by 

/.  H.  Gladstone.     Chem.  Gaz.  1855,  420. 
On  the  phenomena  of  fluorescence  with  reference  to  those  of  phospho- 
rescence and  of  the  electric  light :  by  H.  Osann.    J.  pr.  Chem.  Ixvi, 

87. 
— —  On  the  phosphorescence  of  plate- sulphate  of  potash  :  by  F.  Penny.    Phil. 

Mag.  [4]  X.  40  ;  Pharm.  J.  Trans,  xv.  231. 
— —  Pleochroism  of  ammonio-cobaltous  sulphate  :  by  /.  MvXler.    Pogg.  Ann. 

xcvi.  340, 
The  interference  lines  in  mica :   by   W.  Haidinger.     Pogg.  Ann.  xcvi. 

453. 
Light,   Polarised. — Discovery  of  the  existence  of  the  rotatory  power  in 

several  crystallised  bodies  of  the  cubic  or  regular  system,  which  exert 

that  power  in  various  directions,  and  with  equal  intensity  in  all, 

without  possessing  it  molecularly :  by  H.  Marbach.    Ann.  Ch.  Phys. 

[3]  xliv.  41 . 
-        Optico-crystallographical  observations  and  description  of  a  new  polari- 

scope,  the  stauroscope :  by  Fr.  v.  Kobell.     Ann.  Ch.  Pharm.  xciv.  154; 

J.  pr.  Chem.  Ixiv.  387;  Ixv.  321. 
Description  of  a  new  polariscope,  and  researches  on  double  refractions  of 

small  intensity  :  by  A.  Bravais.    Ann.  Ch.  Phys.  [3]  xliii.  129. 
Note  on  certain  phenomena  of  circularly  polarised  light.    New  apparatus 

for  circular  polarisation  and  new  compensator :  by  M.  Soleil.    Compt. 

rend.  xl.  1058. 
Optical  relations  of  the  sulphate  of  iodo-quinine  or  Herapathite:    by 

W.  B.  Herapath.     Phil.  Mag.  [4]  ix.  366. 
Lime. — Quantitative  determination  of  lime  :  by  H.  Vohl.     Ann.  Ch.  Pharm. 

xciv.  217;  Phil.  Mag.  [4]  x.  70 ;  Chem.  Gaz.  1855,  274. 
On  the  constitution  of  the  phosphate  of  lime  in  animal  charcoal,  bone-ash, 

&c.,  with  remarks :  by  /.  D.  Smith.     Chem.  Gaz.  1855,  201. 
New  observations  on  the  action  of  chloride  and  bromide  of  lime  on  organic 

substances:  by  M.  Chautart.     J.  Pharm.  [3]  xxvii.  179. 
Mode  of  preparing  hydrated  carbonate  of  lime  :  by  /.  Roth.    Pogg.  Ann. 

xcv.  172  ;  Chem.  Gaz.  1855,  247 ;  J.  pr.  Chem.  Ixv.  253. 
On  hydraulic  limestones,  artificial  stones,  and  various  new  applications 

of  double  silicates :  by  M.  Kuhlmann.      Compt.  rend.  xli.  162,  1335  ; 

Pharm.  J.  Trans,  xv.  80 ;  Chem.  Gaz.  1855,  298,  378,  398. 
Durability  of  hydraulic  lime  and  cement  under  the  influence  of  sea  water. 

Pharm.  J.  Trans,  xv.  37. 
Chemical  examination  of  some  hydraulic  limes :  by  C.  Knausz.     Chem. 

Gaz.  1855,  334. 
Decomposition  of  the  sulphates  of  strontia  and  lime  by  alkaline  car- 
bonates :  by  H.  Rose.     J.  pr.  Chem.  Ixv.  317. 
Painting  with  hydrate  of  lime  converted  into  marble  by  absorption  of 

carbonic  acid  from  the  air:  by  M.  Claudot.     Compt.  rend.  xli.  785. 
Lime-stone . — See  Minerals. 
Linen.— Colour  for  marking  linen.     Chem.  Gaz.  1855,  339. 
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Liquids. — On  the  epecific  volumes  of  liquid  compounds:  by  H.  Kopp.    Ann. 

Ch.  Pharm.  xcii.  1. 
-— —  On  the   specific  volumes  of  liquids  containing    carbon,  hydrogen,  and 

oxygen  :  by  H.  Kopp.    Ann.  Ch.  Pharm.  xcvi.  153. 
Lit  hi  a. — On  the  occurrence  and  composition  of  a  lithia  felspar  from  the 

neighbourhood  of  Eadeberg:   by  Q.  Jenzsch.     Pogg.  Ann.  xcv.  304; 

J.  pr.  Chem.  Ixv.  379. 
On  the  solubility  of  sulphate  of  lithia  in  water :  by  P.  Kremers.     Pogg. 

Ann.  xcv.  468. 
New  process  for  obtaining  lithia  from  triphylline  :  by  H.  Muller.    Ann. 

Ch.  Phys.  [3]  xlv.  350. 
Lithium. — Preparation  of  lithium ;  by  ^.  Bunsen.     Ann.  Ch.  Pharm.  xciv. 

107;  Chem.  Soc.  Qu.  J.  viii.  143;  J.  Pharm.  [3]  xxviii.  155;  J.  pr. 

Chem.  Ixv.  123. 

Lithium  and  strontium  obtained  in  the  metallic  state  by  electrolysis:  by 

R.  Bunsen.     Compt.  rend.  xL  717;  Chem.  Gaz.  1855,  185. 
Lithographs. — Process  for  obtaining  lithographs  by  j)hotography :  hy  Prof, 

Ramsey.     Phann.  J.  Trans,  xv.  232. 
Lithology . — Lithological  researches :  by  H.  Deville,     (2nd  Memoir) .     Compt. 

rend.  xl.  177. 
Liver. — On  the  formation  of  sugar  in  the  liver  :  by  CI.  Bernard.     Compt  rend. 

xl.  589. 

On  the  formation  of  bile-sugar  in  the  liver :  by  /.  MolescJwtt.     Compt. 

rend.  xl.  1040. 

On  the  mechanism  of  the  formation  of  sugar  in  the  liver:  by  CI.  Bernard. 

Compt.  rend.  xii.  461. 

On  the  formation  of  sugar  in  the  liver,  and  the  normal  existence  of  sugar 

in  the  blood  of  man  and  other  animals:  by  Z.  Figuier.    J.  Pharm. 
[3]  xxvii.  343,  426;  xxviii.  5. 

On  the  glycogenic  function  of  the  liver  (3rd  Memoir) :   by  L.  Figuier. 

Compt.  rend.  xli.  352  ;  J.  Phai-m.  [3]  xxviii.  260. 

On  the  glycogenic  function  of  the  liver :  by  M.  Leconte.     Compt.  rend. 

xl.  903. 

• Report  on   various   communications   on  the  glyceric  function   of   the 

liver :  by  M.  Dumas.     Compt.  rend.  xl.  1281 ;    J.  Pharm.  [3]  xxvii. 
107. 

On  the  occurrence  of  leucin  and  tyrosin  in  the  human  liver:  by  P.  T. 

Frerichs  and  G.  Stadeler.     Chem.  Gaz.  1855,  6. 
Comparative  researches  on  the  evolution  of  carbonic  acid,  and  of  the  size 

of  the  liver  in  Batrachians :  by  /.  MolescJioit  and  R.  Schelske.     Compt. 

rend.  xli.  640. 
Lophine. — New  mode  of  formation  of  amarine  and  lophine  :  by  A.  Gossman, 

Ann.  Ch.  Pharm.   xciii.  329;    Chem.  Gaz.  1855,  144;    Chem.  Soc. 

Qu.  J.  viii,  161 ;  Ann.   Ch.  Phys.   [3]   xlv.  123  ;    J.  pr.  Chem.  Ixv. 

245. 
Lupuline. — Chemical*  and  natural  history  of  lupuline:  by  /.  Personne.     J. 

Pharm.  [3]  xxxvii.  22. 
Lycoperdon. — On  the  anaesthetic  principle  of  the  Lycoperdon  protens  and  cer- 
tain other  fungi :  by  T,  J.  Ilerapath.     Phil.  Mag.  [4]  x.  67 ;  Chem. 

Gaz.  1855,  269. 
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Madder. — On  madder  colours:  by  C.  Schwartz.     Chem.  Gaz.  1855,  18. 
Magnesia. — On  the  separation  of  alumina  from  iron   and  magnesia:    by 

R.  Richter.    J.  pr.  Chem.  Ixiv,  378. 
Magnesia — On  the  use  of  hypochlorite  of  magnesia  and  hydrate  of  magnesia 

as  an  antidote  to  poisoning  by  phosphorus  :   by  L.  Hofmann.    Ann. 

Ch.  Pharm.  Ixxxiii.  146;  Chem.  Gaz.  1855,  384. 

On  the  substitution  of  native  sulphate  of  magnesia  for  sulphuric  acid  in 

the  manufacture  of  hydrochloric  acid,  sulphate  of  soda,  nitric  acid, 

and  chlorine  :  by  B.  de  Luna.     Compt.  rend.  xli.  95  ;  Ann.  Ch.  Pharra. 

xcvi.  104;  Chem.  Gaz.  1855,  400. 
Magnesium. — On   the    preparation   of  strontium    and  magnesium:   by  Jf. 

Matthiessen.     Chem.  Soc.  Qu.  J.  viii.  107. 
Magnetism. — On   some  points  in  magnetic  philosophy:    by  M.  Faraday. 

Phil.  Mag.  [4]  ix.  81. 

Magnetic  remarks  :  by  if.  Faraday.     Phil.  Mag.  [4]  ix.  253. 

On  tlie  existence  of  a  magnetic  medium  in  space  :  by  /.  Tyndall.    Phil. 

Mag.  [4]  ix  205. 

Note  on  the  magnetic  medium  :  by  A.  W.  Williamson.     Proc.  Eoy.     Soc. 

vii.  306 ;  Phil.  Mag.  [4]  ix.  541. 

Observations  on  the  magnetic  medimn,  and  on  the  effects  of  compression : 

by  W.  Thomson.     Phil.  Mag.  [4]  ix.  290. 
On  the  existence  of  a  magnetic  medium  :  by  T.  A.  Hirst.     Proc.  Roy.  Soc. 

vii.  448. 
On  the  nature  of  the  force  by  which  bodies  are  repelled  from  the  poles 

of  a   magnet,  with  an  account  of  some  experiments  on  molecular 

influences  :  by  /.  Tyndall.     Phil.  Mag.  [4]  x.  153,  257. 
Elementary  demonstrations  of  propositions  in  the  theory  of  magnetic 

force:  by  W.  Thomson.     Phil.  Mag.  [4]  ix.  241. 
Contributions  to  our  knowledge  of  the  nature  of  the  so-called  coercive 

force  :  by  Prof.  Plucker.     Phil.  Mag.  [4]  vii.  518. 
Researches  on  the  optical  properties  developed  in  transparent  substances 

by  the  action  of  magnetism  :  by  M.  Verdet.     Ann.  Ch.  Phys.  [3]  xliii. 

87;  Phil.  Mag.  [4]  ix.  481. 
Researches  on  the  magnetic  power  of  oxygen :  by  E.  Becquerel.     Compt. 

rend.   xl.  910;    Phil.  Mag.  [4]  ix.  474;    Ann.  Ch.  Phys.  [3]  xliv. 

209. 
Manganese. — On  the  presence  of  manganese  in  the  blood  :  by  E.  Souberan. 

J.  Pharm.  [3]  xxvi.  401  ;  xxvii.  284. 
Simple  mode  of  preparing  the  protoxides  of  iron,  manganese,  and  tin. 

Ann.  Ch.  Pharm.  xcv.  116;  Chem.  Gaz.  1855,  330. 
Hydrated  manganoso-manganic  oxide :   by  /.  Otto.     Ann.  Ch.  Pharm. 

xc.  372;  Chem.  Gaz.  1855,  171  ;  J.  pr.  Chem.  Ixiv.  512. 
Use  of  hypermanganate  of  potash  for  the  detection  of  bromine  and  iodine 

in  mineral  waters:  by  0.  Henry.     J.  Pharm.  [3]  xxvii.  423. 
On  the  colouration  of  the  salts  of  protoxide  of  manganese :  by  M.  Burin 

de  Buisson.    J.  Pharm.  [3]  xxviii.  345. 
Mangold-wurzel.  —  Chemical    examination    of   mangold  wurzel :    by    H. 

Bitthausen.    J.  pr.  Chem.  Ixv.  1. 
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Mangold-wurzel. — On   the  influence  of  various  salts  on   the   growth   of 

mangold-wurzel :  by  G.  Herth.    J.  pr.  Chem.  Ixiv.  129. 
Mangostin. — On  mangostin  :  by  JF.  Schmid.     Ann.  Cb.  Pharm.  xciii.  83; 

J.  pr.  Chem.  Ixiv.  254 ;  Chem.  Gaz.   1855,  132 ;  Chem.  Soc.  Qu.  J. 

viii.  190 ;  J.  Pharm.  [3]  xxviii.  78. 
Manure. — Report  on  the  verification  of  certain  manures  used  in  the  de- 
partment of  Seine-et-Marne  :  by  M.  Mengy.     Ann.  Min.  [5]  v.  413. 
Influence  of  manuring  with  ashes  and  gypsum  on  the  chemical  com- 
position of  clover-hay  :  by  R.  Ritthausen.    J.  pr.  Chem.  Ixv.  15. 
Marl. — See  Minerals. 
Meat. — Analysis  of  the  salt  meats  of  America:  by  M.  Girardin.     Compt.  rend. 

xh.  745. 
Mellone. — On  the  constitution  of  the  mellonides :  by/.  Liebig.    Ann.  Ch. 

Pharm.  xcv.  257  ;  Compt.  rend.  xl.  1077  ;  Chem.  Soc.  Qu.  J.  viii.  259 ; 

Chem.  Gaz.  1855,  229. 

On  the  mellonides:  by  C.  Gerhardt.     Compt.  rend.  xl.  1202. 

Mercaptan. — On   butylic  mercaptan:    by  E.   Humann.      Ann.  Ch.  Pharm. 

xcv.  256;  Chem.  Gaz.  1855,  427. 
Mercury.— The  quicksilver  mines  of  Old  and  New  Almaden.     Pharm.  J. 

Trans,  xiv.  373. 
Occurrence   of  mercury  on   the   Liineburg  heath.     J.  pr.  Chem.  Ixiv. 

128. 
Quantitative  determination  of  mercuiy  by  chloride  of  silver ;  by  H»  Void. 

Ann.  Ch.  Pharm.  xciv,  220. 
On  the  limit  of  evaporation  of  mercury  :   by  C.  Brame.     Pogg.  Ann. 

xciv.  468. 
On  the  preparation  of  the  sulphochloride  of  mercury  in  the  dry  way  :  by 

B.  Schneider.     Pogg.  Ann.  xcv.  167;  Chem.  Gaz.  1855,  271;  Chem. 

Soc.  Qu.  J.  viii.  257 ;  J.  pr.  Chem.  Ixv.  248. 
On  a  new  compound  of  gold  and  mercury  :  by  T.  H.  Henry.     Phil.  Mag. 

[4]  ix.  458. 
On  acid  mercuric  sulphate:  by  W.  JFicke.     Ann.  Ch.  Pharm.  xcv.  17G. 

Chem.  Gaz.  1855,  407. 
On  some  compounds  of  hydrargethyl  and  hydrargo-methyl :  by  A.  Strecker, 

Ann.  Ch.  Pharm.  xcii.  75;  Ann.  Ch.  Pliys.  [3]  xliii.  343. 
On  the  composition  of  fulminating  mercury  and  isocyanuric  acid :  by 

L.  Schischkoff.     Bull,  de  St.-Petersb.  CI.  Phys.-math.  xiv.  98 ;  Chem. 

Gaz.  1855,  421,  456. 
On  a  fahl-ore  rich  in  mercury  from  Kottenbach  in  Upper  Hungary :  by 

G.  vom  Rath.     Pogg.  Ann.  xcvi.  322. 
Metaldehyde. — On   the   metaldehyde  of  valerianic   acid:   by  //.  Limpricht. 

Ann.  Ch.  Pharm.  xciv.  244;  Chem.  Soc.  Qu.  J.  viii.  157. 
Metals. — Researches  on  the  metals,  particularly  on  aluminium  and  on  a  new 

form  of  silicium:  by  H.  Ste.-Claire  Deville.     Ann.  Ch.  Phys.  xliii.  1. 
■         On  the  preparation  of  the  metals  of  the  alkalies  and  earths  by  electrolysis : 

by  A.  Matthiessen.     Chem.  Soc.  Qu.  J.  viii.  27 ;  Ann.  Ch.  Pharm.  xciii. 

277 ;  Ann.  Ch.  Phys.  [3]  xliv.  60  ;  J.  Pharm.  [3]  xxvii.  475  ;  Chem. 

Gaz.  1855,  232;  J.  pr.  Chem.  Ixiv.  508;  J.  Pharm.  Trans,  xv.  231. 
On  the  conduction  of  heat  in  metals  :  by  G.  Wiedemann.     Pogg.  Ann.  xcv. 

337;  Phil.  Mag.  [4]  x.  393. 
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Metals. — Density  of  metals  after  fusion  and  rapid  cooling:  by  Ch.  Deville. 
Compt.  rend.  xl.  769 ;  J.  pr.  Chem.  Ixv.  345. 

-  Desulphuration  of  metals  and  extraction  of  gold :   by  H.  Holland.      J. 

Pharm.  [8]  xxvii.  319. 

■  Improvement  in  the  treatment  of  certain  metals  for  producing  an  im- 
proved metallic  alloy  (Euolz  and  De  Fontenoy's  patent).  Chem.  Gaz. 
1855,  239. 

— —  Process  for  tinning  metals :  by  MM.  Roseleur  and  Boucher.  Chem.  Gaz. 
1855,  76  ;  J.  pr.  Chem.  Ixv.  250. 

On  organic  compounds  containing  metals :  by  K  Frankland.    Ann.  Ch. 

Pharm.  xcv.  28;  J.  pr.  Chem.  Ixv.  22;  Ann.  Ch.  Phys.  [3]  xlv. 
114. 

^ —  Note  respecting  the  history  of  organic  compounds  containing  metals  :  by 

E.  Frankland.  Ann.  Ch.  Pharm.  xcv.  55 ;  J.  pr.  Chem.  Ixiv.  45. — Reply 
by  C.  Lowig,  Ixv.  355. 

Meteorites. — Analysis  of  the  meteoric  iron  from  Tuczou,  Province  of  Sonora, 
Mexico;  by  Fr.  A.  Genth.  Sill.  Am.  J.  [2]  xx.  119;  J.  pr.  Chem. 
Ixiv.  118. 

Memoir  on  meteorites.     A  description  of  five  new  meteoric  irons,  with 

some  theoretical  considerations  on  the  origin  of  meteorites,  based  on 

their  physical  and  chemical  charactei-s  :  by  /.  L,  Smith,     Sill.  Am.  J. 

[2]  xix.  153. 
— —  Fall  of  meteoric  stones  at  Bremeworde,  in  Hanover  :  by  F.  WoUer.    Compt. 

rend.  xl.  1362  ;  Phil.  Mag.  [4]  x  150. 
Analysis  of  meteoric  stones  from  Mezo-Madaras,  in  Transylvania :    by 

F.  Wohler.    Ann.  Ch.  Pharm.  xcvi.  251. 

Fall  of  a  large  mass  of  meteoric  iron  at  Corrientes,  in  South  America. 

Phil.  Mag.  [4]  xii.  14. 
Description  of  a  new  meteoric  iron  from  Chili  containing  native  lead :  by 

R.  P.  Greg.     Phil.  Mag.  [4]  x.  32 ;  Pogg.  Ann.  xciv.  169. 

Meteoric  iron  from  the  Cape  of  Good  Hope.     Arm.  Ch.  Phai-m.  xcvi.  246. 

On  the  meteorite  which  fell  at  Linum,  near  Fehrbellin,  in  the  Mark 

Brandenbuig  :  by  G.  Rose.     Pogg.  Ann.  xciv.  169. 

On  a  supposed  aerolite  or  meteorite  :  by  R.  I.  Murchison.     Proc.  Roy. 

Soc.  vii.  421. 

Analysis  of  a  meteorite;  by  H.  S.  Bitten.    J.  pr.  Chem.  Ixiv.  121. 

— —  Analysis  of  a  meteorite  which  fell  in  Norway  :  by  H.  S.  Bitten.    Pogg. 

Ann.  xcvi.  341. 
Methyl. — On  methylic  ether  and  chloride  of  methyl :  by  M.  Berthelot.     Ann. 

Ch.  Pharm.  xcv.  306. 
— —  On  the   spontaneous   decomposition   of    certain   sulphomethylates :    by 

A.  H.  Church.     Phil.  Mag.  [4]  x.  40. 
On  the  chlorinated  compounds  derived  from  the  sulphides  of  methyl  and 

ethyl:  by  A.  Riche.     Ann.  Ch.  Phys.  [3]  xliii.  283. 

On  some  compounds  of  hydrargomethyl :   by  A.  Strecker.      Ann.  Ch. 

Pharm.  xcii.  75 ;  J.  pr.  Chem.  Ixiv.  192 ;  Ann.  Ch.  Phys.  [3]  xliii. 
343. 

On  the  occurrence  of  trimethylamine  in  the  brine  of  salted  herrings : 

by  G.  11.  Winkles.  Ann.  Ch.  Pharm.  xciii.  320;  J.  Pharm.  [3] 
xxviii.  1507. 
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Methyl. — On  telluride  of  methyl :  by  F,  Wohler  and  /.  Dean.  Ann.  Ch.  Phaim. 
xciii.  238 ;  Chem.  Soc.  Qu.  J.  viii.  164 ;  Compt.  rend.  xl.  13 ;  Chem. 
Gaz.  1855,  41 ;  Ann.  Ch.  Phys.  [3]  xliii.  234 ;  J.  pr.  Chem.  Ixiv.  39. 

Methylene. — On  the  liquefaction  of  the  hydrate  and  hydrochlorate  of  methy- 
lene :  ty  M.  Berthelot.     Ann.  Ch.  Phys.  [3]  xliv.  348. 

Mezgnite. — On  gum  mezgnite :  h^  C.  Morfitt.  Chem.  Gaz.  1855,  86:  Sill. 
Am.  J.  [2]  xix.  263 ;  Pharm.  J.  Trans,  xv.  43 ;  J.  pr.  Chem.  Ixv.  255. 

Milk. — Does  the  milk  become  sour  by  stagnation  in  the  lacteal  glands?  by 
Prof.  Schlossberger.     Ann.  Ch.  Pharm.  xcvi.  76. 

Minerals. — On  the  changes  which  take  place  in  the  sti-ucture  and  composi- 
tion of  mineral  veins  near  the  surface,  with  particular  reference  to  the 
East  Tennessee  copper  mines :  by  /.  D.  Whitney.  Sill.  Am.  J.  [2] 
XX.  53. 

Influence  of  common  salt  on  the  formation  of  minerals.     By  /.  G.  Forch- 

hammer.     Pogg.  Ann.  xcv.  60. 

Second  ?*Iemoir. — On  the  metals  and  earths  dissolved  out  from  rocks  in  a  state 
of  fusion. 

Re-examination  of  American  minerals  :  by  /.  Z.  Smith.     Sill.  Am.  J.  [2] 

XX.  242. 

Part  v. — The  minerals  of  the  Wheatley  mine  in  Pennsylvania :— Anglesite, 
cerusite,  wulfenite,  vanadate  of  lead,  pyromorphite,  mimetene,  galena, 
copper,  copper  pyrites,  malachite,  azurite,  blendes,  calamine,  hematite, 
fluorspar,  calcspar,  sulphur,  &c. 

. Examination   of   minerals    in    Dr.  Krantz's   collection   at    Bonn:    by 

H.  Dauber.     Pogg.  Ann.  xciv.  398. 

Pajsbergite,  babingtonite,  hausmannite,  anatase,  honeystone. 
Contributions  to  mineralogy  :  by  Fr.  A.  Oenth.     Sill.  Am.  J.  [2]  xix.  15. 

Tetradymite,  bismuthine,  aciculite,  barnhardtite  (a  new  mineral),  grey  copper 
(fahlerz),  geokronite  ?,  garnet,  allanite,  tungstates  in  North  Carolina, 
scorodite,  wavellite. 

Analysis  of  minerals  from  the  volcanic  Eifel ;  by  Th.  Kjerulf.    J.  pr.  Chem. 

Ixv.  187. 

Rare  Swedish  minerals:  by  /.  Igelstrom.     J.  pr.  Chem.  Ixiv.  61. 

Analysis  of  minerals  from  the  Grand  Duchy  of  Baden :  communicated 

by  Frof.  Weltzien  (continuation). 

5.— Analysis  of  bean-ore  (Bohnerz)  from  the  Thurmberg,  near  Darlach  :  by 

C.  Stamm.    Page  206. 
6.— On  the  copper-bismuth  ore  from  Wittichen :  by  E.  Toiler.    Page  207. 
Minerals:   Acanthite. — On  acanthite,  a  new  species  of  silver-glance:  by 
A.  Kenngott.     Pogg.  Ann.  xcv.  462. 
Allophane. — Analysis  of  allophane.     J.  pr.  Chem.  Ixiv.  434. 
Anthracite. — On  the  anthraniferous  deposits  of  the  Alps  of  France  and 

of  Savoy  :  by  Scipion  Gras.     Ann.  Min.  [5]  v.  473. 
Arragonite,  —  Fluorine    in    calcspar    and    arragonite,      Pogg.    Ann. 

xcvi.  145. 
Apatite. — Composition  of  yellow  apatite  from  Miask :  by  G.  von  Rath. 

Pogg.  Ann.  xcvi.  381. 
Binnite. — On  dufreynoysite  and  binnite.     J.  pr.  Chem.  Ixiv.  506. 
Bora  cite. — Magnetic  relations  of  boracite:  by  G.  H.  0.  Volger.    Pogg. 

Ann.  xciii.  507. 
Brogniardite. — Crystallisation  of  brogniardite :  by  A.  Daniour,    Ann. 

Min.  [5]  vi.  146. 
Calcspar. — Fluorine  in  calcspar  and  arragonite ;  hy  G.  Zenzsch.     Pogg. 
Ann.  xcvi.  145. 
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Minerals:   Chondrodite, — Crystalline  form  of  graphite  and  cbondrodite: 

by  K.  A.  E.  Nordenskiold,     Pogg.  Ann.  xcvi.  110. 
Clay-slate.  —  On   the  metamorphosis   of    clay-slate   at  Eichgriin,   in 

Saxony:  by  L.  Carius.     Ann.  Ch.  Pharm.  xciv. 
Clinochlore, — On  the  clinochlore  of  Achmatowsk  :  by  N.  v.  Kohscharow. 

Pogg.  Ann.  xciv.  2J  2,  336;  Sill.  Ain.  J.   [2]  xix.  176;  J.  pr.  Chem. 

Ixiv.  507. 
Copper. — Peacock  copper  ore  from  Coquimbo,  in.Chili.     Ann.  Ch.  Pharm. 

xcvi.  244. 
Corundum. — Density  of  corundum  after  fusion  and  rapid  cooling:  by 

Ch.  Deville.     Compt.  rend.  xl.  769  ;  J.  pr.  Chem.  Ixv.  345. 
Datolite. — On  the  crystallisation-system  of  datolite  :  hj  F.  H.  Schroder. 

Pogg.  Ann.  xciv.  235. 
Diamond.  — On  a  diamond  crystal  from  the  district  of  Bogajem,  in  Brazil : 

by  if.  Dufrenoy.     Pogg.  Ann.  xciv.  475;  Compt.  rend.  xl.  3. 
Di  op  side. — Conical  refraction  in  diopside,  with  observations  on  some 

phenomena  of  conical   refraction  in  arragonite:    by    W.  Haidinger. 

Pogg.  Ann.  xcvi.  469. 
Dolomite.—- A  contribution  to  the  more  exact  knowledge  of  the  dolomite 

of  the  Valais  Alps  :  by  W.  S.  v.  WaUershausen.     Pogg.  Ann.  xciv.  141. — 

Observations  thereupon :  by  /.  C.  Heusser :  Ibid.  334 ;  J.  pr.  Chem. 

Ixiv.  444. 

—  On  the  cause  of  the  green  colouring  of  certain  Neptunian  rocks,  espe- 

cially of  dolomite  :  by  A.  Fetzholdt.     J.  pr.  Chem.  Ixiii.  193. 
Dufreynoysite. — On  dufreynoysite  and  binnite.      J.  pr.  Chem.  Ixiv. 

506. 
Edingtonite. — Analysis  of  edingtonite :  by  if.  F.  Heddle.     Phil.  Mag. 

[4]  ix.  179  ;  J.  pr.  Chem.  Ixv.  255. 
Emerald. — On  the  beds  of  emerald  in  the  high  valley  of  I'Harrach :  by 

M.  Ville.     Compt.  rend.  xli.  698. 
Euclase. — New  researches  on  the  composition  of  euclase:  by  A.  Bamour. 

Compt.  rend.  xl.  94. 
Euxenite.— Analysis  of  euxenite   and  orthite  ;  by  H.  Strecker.     J.  pr. 

Chem.  [3]  xxviii.  384. 
Fahl-ore. — On  a  fahl-ore  rich  in  mercury  from  Kottenbach  in  Upper 

Hungary:  by  G.  vom  Rath.     Pogg.  Ann.  xcvi.  322. 
Felspar. — Examination  of  some  felspathic  rocks :  by  T.  S.  Hunt.     Phil. 

Mag.  [4]  ix.  354. 

—  On  the  composition  of  the  felspars  of  the  granite  of  the  Dublin  and 

Wicklow  mountains:  by  /.  A.   Galbraith.     Phil.  Mag.  [4]   ix.  40; 
J.  pr.  Chem.  Ixiv.  435. 

—  On  the  analysis  of  the  potash  and  soda  felspars  of  one  of  the  Dublin 

mountains:  by  F.M.  Jennings.     Phil.  Mag.  [4]  x.  511. 

—  On  the  occurrence  and  composition  of  a  lithia  felspar  from  the  neigh- 

bourhood of  Kadeberg:  by  G.  Jenzsch.     Pogg.  Ann.  xcv.  304. 

—  On  the  felspars  occurring  in  the  granites  of  the  Dublin  and  Wicklow 

mountains  :  by  /.  A.  Galbraith.     Phil.  Mag.  [4]  x.  420. 
Glottalite. — On  two  doubtful  British  species,  gloitalite  Q.r\d.  zeuxite :  by 

R.  F.  Greg.     Phil.  Mag.  [4]  x.  1]8. 
Granite. — Note  on  the  granite  of  Bomarsund  :  by  MM.  Malaguti  and 

Burocher.     Compt.  rend.  xl.  968. 
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Minerals:   Granite. — On  the  chemical  composition  of  the  granites  of  the 
south-east  of  Ireland :  by  S.  HaugUon.     Phil.  Mag  [4]  x.  23. 
Graphite. — Crystalline  form  of  graphite  and  chondrodite:  \>^  N.  A.  H. 
Nordenskiold.     Pogg.  Ann.  xciv.  1 10. 

—  On  a  new  process  for  the  purification  and  disintegration  of  graphite  : 

hy  B.  C.  Brodie.     Ann.  Ch.  Phys.  [3]  xlv.  351. 
Greenstone. — Chemical  examination  of  some  greenstones  from  Silesia  : 

by  G.  V.  Bath.     Pogg.  Ann.  xcv.  533. 
Gypsum. — On  the  acid  springs   and  gypsums  of  Upper  Canada:   by 

S.  Hunt.     Compt.  rend.  xl.  1348. 
Herrerite. — Herrerite  identical  with  smithsonite  :  h^  F.  A.  Genth.     Sill. 

Am.  J.  [2]  XX.  118. 
Heulandite.  —  Note   on  heulandite  and  scapolite  from  Arendal :  by 

E.  Zschau.     Sill.  Am.  J.  [2]  xx.  272. 
Hornblende.  —  On  the  chemical  composition  of  hornblende  from  the 

Norwegian  zircon-syenite  :  by  T.  Scherer.     J.  pr.  Chem,  Ixv.  341. 
Idocrase. — Analysis  of  idocrase  from  Ducktown,  Polk  Co.,  Tenn. :  by 

/.  W.  Mallet.     Sill.  Am.  J.  [2]  xx.  85. 
Lazulite, — On  lazulite  from  Wermland,  in   Sweden:  by  /.   Igelstrom. 

J.  pr.  Chem.  Ixiv.  253. 
Leuchtenbergite. — On  leuchtenbergite,  and  the  accompanying  mine- 
rals, hydrargyllite,  garnet,   perowskite,  magnetite,    talkapatite,  &c. : 

by  G.  H.  0.  Volger.     Pogg.  Ann.  xcvi.  414. 
Leucophane. — On  the  crystalline  form  of  leucophane:  hy  B.  P.  Greg. 

Phil.  Mag.  [4]  x.  510. 
Lime-stone. — On  lime-stones  from   Madeira:  by  B.  Schweizer,     J.  pr. 

Chem.  Ixiii.  201 . 
Lunnite. — Analysis  of  lunnite  from  Cornwall :  by  Br. Ueddle.   Phil.  Mag. 

[4]  X.  39. 
Marl. — Analysis  of  two  marls  from  the  neighbourhood  of  Osnabriick,  and 

examination  of  their  solubility  m  carbonic    acid    and  water:    by 

C.  Struckmann.     Ann.  Ch.  Pharm.  xciv.  170;  J.  pr.  Chem.  Ixvi.  508. 

—  Analysis  of  a  marl :  by  W.  Martins.     Ann.  Ch.  Pharm.  xciii.  366 ;  J.  pr. 

Chem.  Ixv.  116. 

—  Examination  of  marls;  by  C  Scheihler.    J.  pr.  Chem.  Ixv,  228. 
Melaphyre. — Microscopic  and  chemical  examination  of  the  mineral  from 

Hockenberg,    near  Neurade,   hitherto  regarded  as  melaphyre :    by 

G.  Jenzseh.     Pogg.  Ann.  xcv.  418. 
Mejonite. — Crystalline  form  of  mejonite :    by  C.  Bammelsberg.     Pogg. 

Ann.  xciv.  434. 
Mica. — On  the  chemical  composition  and  optical  properties  of  the  mica 

of  the  Dublin,  Wicklow,  and  Carlow  granites :  hy  S.  Haughton.     Phil. 

Mag.  [4]  ix.  272;  J.  pr.  Chem.  Ixv.  381. 

—  On  biaxial  mica  from  Vesuvius :  by  N.  v.  Kokscharow.    Pogg.  Ann. 

xciv.  219;  Compt.  rend,  xxxix.  1135. 

—  Approximate  detdi-mination  of   the  refractive  indices   of   mica:    by 

W.  Haidinger.     Pogg.  Ann.  xcv.  493. 

—  Analysis  of  various  species  of  mica,  and  of  clay  and  mica  slates:  by 

Th.  Kjerulf.     J.  pr.  Chem.  Ixv.  187. 

—  The  interference-lines  in  mica:  by  W,  Haidinger.     Pogg.  Ann.  xcvi. 

453. 
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Minerals:    Mineralmoor. — On  the  mineralmoor  of  Marienbad  :   by  C  G. 

LeJimann.     J.  pr.  Chem.  Ixv.  457. 
Or  thite. — Analysis  of  euxenite  and  orthite  :  by  H.  Strecker.    J.  pr.  Chem. 

Ixiv.  384. 
Pectolites. — On  British  pectolites :  by  M.  F.  Heddle  and  B.  P.  Greg. 

Phil.  Mag.  [4]  ix.  248. 
Pennine. — Approximate  determination  of  the  refractive  indices  of  pen- 
nine  :  by  JF.  Haidinger.    Pogg.  Ann.  xcv.  620. 
Perowskite. — On  the  perowskite  of  Zermatt :  by  J!f.  i)«;»i02^r.     Ann.  Min. 

[5]  vi.  512. 
Phosphorite.— Analysis  of  phosphorite  from  the  Tyrol:  hy  R.  Blume. 

Ann.  Ch.  Pharm.  xciv.  354  ;  J.  pr.  Chem.  Ixvi.  124. 
Platinum. — Analysis  of  platinum-ore  from  Borneo.      Ann.  Ch.  Phann. 

xcvi.  243. 
Poly  halite. — Composition  ofredpolyhalite  from  Vio,Dep.  oftheMeurthe: 

by  G.  Jenzsch.     Pogg.  Ann.  xciv.  175  ;  J.  pr.  Chem.  Ixiv.  436. 
Prosopite. — On  prosopite  :  by  G. Brush.     Sill.  Am.  J.  [2]  xx.  273. 
Pseudomalachite. — Selenium  in  pseudomalachite  from  Eheinbreiten- 

bach:  hy  Prof.  Bodeker.     Ann.  Ch.  Pharm.  xciv.  356;  J.  pr.  Chem. 

Ixvi.  125. 
Quartz.— Physical    and   crystallogi-aphical    researches    on    quartz:    by 

M.  Bescloizeaux,     Ann.  Ch.  Phys.  [3]  xlv.  129;    Compt.  rend.  xl. 

1019  [Report  thereon,  by  M.  de  Sknarmont :  Ibid.  1132];  Sill.  Am. 

J.  [2]  XX.  270. 

—  On  the  trigonal  trapezohedron  of  the  hexagonal  system,  and  its  occur- 

rence in  quartz  :  by  A.  Kenngott.     Pogg,  Ann.  xciv.  591. 

—  Density  of  quartz  after  fusion  and  rapid  cooling :  by  Ch.  Deville.     Compt. 

rend.  xl.  769;  J.  pr.  Chem.  Ixv.  345. 

—  Veins  of  quartz  deposited  by  water :    by  B.  F.  Glocker.     Pogg.  Ann. 

xcv.  610. 
Scapolite. — Note    on    heulandite  and  scapolite  from  Arendal:    by  B, 

Zschau.    Sill.  Am.  J.  [2]  xx.  272. 
Shale. — Chemical  examination  of  shales  from  the  Duchy  of  Nassau :  by 

A.  Bollfus  and  C.  Neubauer.     J.  pr.  Chem.  Ixv.  199. 
Silicates. — On  the  foi-mation  and  composition  of  certain  silicates  con- 
taining lime  and  alumina:  by  G.  Jenzsch.     Pogg.  Ann.  xcv.  307. 
Silver. — On  the  crystalline  form  of  brittle  silver-glance  (Sprod-glaserz) : 

by  C.  H.  Schroder.    Pogg.  Ann.  xcv.  257. 
Slate. — Analysis  of  clay  and  mica-slate:    by  Th.  Kjervlf.    J.  pr.  Chem. 

Ixv.  187. 
Spars. — On  the  relation  between  chemical  composition,  specific  gi'avity, 

and  crystalline  form,  in  the  spathic  carbonates :    by  F.  H.  Schroder. 

Pogg.  Ann.  xcv.  441,  562. 
Sphserosiderite. — Vanadium  and  titanium  in  sphaerosiderite  found  near 

Bonn:  by  Prof.  Bodeker.    Ann.  Ch.  Pharm.  xciv.  355. 
Svanbergite. — On  svanberglte  from   Wermland,    in    Sweden:   by  /. 

Igelstrom.    J.  pr.  Chem.  Ixiv.  252. 
Table  spar. — On  table  spar  from  the  Morne  mountains :  by  M,  F.  Heddle. 

Phil.  Mag.  [4]  ix.  452. 
Vesu  vian. — On  the  chemical  composition  of  vesuvian :  by  C.  Rammelsberg. 

Pogg.  Ann.  xciv.  92 ;  J.  pr.  Chem.  Ixiv.  305. 
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Minerals:  Vesuvian. — On  the  quantity  of  water  contained  in  vesuvian :  by 

G.  Magnus.     Pogg.  Ann.  xcvi.  347. 
Wilsonite. — Note  on  the  mineral  wilsonite  :  by  T.  S.  Hunt.    Phil.  Mag, 

[4]  ix.  382 ;  J.  pr.  Chem.  Ixv.  503. 
—  Hunt's  wilsonite  a  scapolite.     Sill.  Am.  J.  [2]  xx.  269, 
Wolfram. — On  a  wolfram  from  the  Harz.     J.  pr.  Chem.  Ixiv.  124. 
Zeuxite. — On  two  doubtful  British  species,  glottalite  and  zeuxite:   by 

n.  p.  Greg.     Phil.  Mag.  [4]  x.  118. 
Zoisite. — Zirconia  in  zoisite.     J.  pr.  Chem.  Ixiv.  316. 
Molybdenum. — On  metallic  tungsten  and  molybdenum:  by  Wohler.    Ann. 

Ch.  Pharra.  xciv.  255 ;  Chem.  Gaz.  1855,  206 ;  J.  pr.  Chem.  Ixvi.  507. 
Analysis  of  molybdate  of  lead,  and  its  use  as  a  test  for  phosphoric  acid  ; 

by  JF.  WicTce.    Ann.  Ch.  Pharm.  xcv.  373 ;  Chem.  Gaz.  1855,  413. 
Mordants. — Silicate  of  soda  as  a  means  of  fixing  aluminous  and  iron  mor- 
dants: by  P.  Bolley.     Chem.  Gaz.  1855,  58. 
Mucates. — On  the  mucates  of  the  alkalies:    by  S.   W.  Johnson.    Ann.  Ch. 

Pharm.  xciv.  225  ;  J.  pr.  Chem.  Ixvi.  85. 
On  bimucate  of  amyl:  by  S.  W.  Johnson.    J.  pr.  Chem.  Ixiv.  157  ;  Chem. 

Gaz.  1855,  188. 
Muscles. — Researches  on  the  composition  of  the  muscles  in  the  several  grades 

of  the  animal  series  :  by  MM.  Valenciennes  and  Premy.     Compt.  rend. 

xli.  735. 
Mustard. — Artificial  production  of  essential  oil  of  mustard:  by  MM.  Berthelot 

and  de  Luca.      Compt.  rend.  xli.  21;  Ann.  Ch.  Phys.  [3]  xli  v.  495 ; 

J.  Pharm.  [3]  xxviii.  123;  Chem.  Gaz.  1855,  288. 
On  the  artificial  formation  of  essential  oil  of  mustard :  by  N.  Zinin.     Ann. 

Ch.  Pharm.  xcv.  128 ;  J.  pr.  Chem.  Ixiv.  504. 
Examination  of  some  compounds  of  sulphosinapic  acid:    by  H.    Will. 

Ann.  Ch.  Pharm.  xcii.  59 ;  J.  pr.  Chem.  Ixiv.  167 ;  Chem.  Gaz.  1855, 

117;  Ann.  Ch.  Phys.  [3]  xliii.  344;  J.  Pharm.  [3]  xxvii.  374;  Chem. 

Soc.  Qu.  J.  viii.  ]  83. 


Naphtha.— On  some  of  the  basic  constituents  of  coal-naphtha,  and  on  chry 

sene  :  by  C.  G.  Williams.     Chem.  Gaz.  1855,  401. 
Naphthalin. — Sublimation   of  naphthalin.     Ann.   Ch.   Pharm.  xciii.   383 

Chem.  Gaz.  1855,  149 ;  J.  pr.  Chem.  Ixiv.  516. 
On  some  derivatives  of  naphthalin  :  by  M.  Busart.     Compt.  rend.  xli.  493 

Chem.  Gaz.  1855,  408. 
Nickel. — On  the  deposits  of  nickel  in  the  Departement  de  I'lsere:    by  ilf. 

Gueymard.     Compt.  rend.  xl.  984. 
Quantitative  analysis  of  an  alloy  of  zinc  and  nickel.     J.  Pharm.  [3]  xxvii 

295. 

Separation  of  nickel  ft'om  cobalt:  by  T.  H.  Henry.     Chem.  Gaz.  1855,  237 

Niobium. — Eesearches  on  ilmenium,  niobium,  and  tantalum  :  by  R.  Hermann 

J.  pr.  Chem.  Ixv.  54. 
Nitr aniline. — See  Aniline. 
Nitrates.— On  a  natural  deposit  of  nitre  in  Pennsylvania.     J.  Pharm.  [3] 

xxvii.  295. 
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Nitrates. — On  the  iodonitrate  of  silver :   hy  J.  Sekmuss.      Chem.  Gaz.  1855, 

127,  347. 
On  the  decomposition  of  the  nitrates  by  charcoal :    by  M.  Vogel^  jun. 

J.  Pharm.  [3]  xxviii.  354. 

On  tribasic  nitrate  of  lead  :  by  M.  Vogel,jun.     J.  Pharm.  [3]  xxviii.  395. 

Nitre. — On  the  action  of  nitre  on  vegetation:  hy  M.  JBoussingault.     Compt. 

rend.  xli.  845. 
Nitrites. — On  the  nitrite  of  cobaltic  oxide  and  potash :  by  A.  Stromeyer.     Ann 

Ch.  Pharm.  xcvi.  218. 
Nitrobenzol. — See  Benzol. 
Nitrocoumarine. — On  coumaramine,anewbase  derived  from  nitrocoiimarine: 

by  A.  FrapoUi  and  L.  Chiozza.     Ann.  Ch.  Pharm.  xcv.  252  ;    Chem. 

Gaz.  1855,  395. 
Nitrogen. — Eemarks  on  vegetation,  undertaken  with  the  view  of  examining 

whether  plants  fix  in  their  organism  the  nitrogen  which  exists  in  the 

air  in  the  gaseous  state :  by  M.  Boussingault.    Ann.  Ch.  Phys.  [3J 

xliii.  149. 

On  the  source  of  nitrogen  in  plants :  by  A.  Petzholdt.    J.  pr.  Chem.  Ixv.  101 . 

Note  on  the  assimilation  of  nitrogen  by  agricultural  plants  :  by  M.  Roy. 

Compt.  rend,  xxxix.  1133. 
— —  On  two  new  methods  for  the  determination  of  nitrogen  in  organic  and  in- 
organic compounds:  by  Maxwell  Simpson.    Ann.  Ch.  Pharm.  xcv.  63. 
On  the  direct  determination  of  nitrogen :  by  /.  Schiel.     Sill.  Am.  J.  [2] 

XX.  220. 

Determination  of  nitrogen  in  guano.     J.  pr.  Chem.  Ixv.  230. 

Report  on  a  memoir  by  M.  Ville  on  the  assimilation  of  atmospheric 

nitrogen  by  plants:  by  M.  Chevreul.     Compt.  rend.  xli.  757. — Remarks 

on  a  passage  in  this  report  respecting  the  chemical  action  of  the  solar 

rays  :  by  M.  Biot.     Ibid.  777. 
Nitroglycerine. — See  Glycerine* 
Nitrotoluo  1. — See  Toluol. 
Nutrition. — Analytical  researches  on  substances  intended  for  animal  food. 

Part  II. :  by  Is.  Pierre.     Compt.  rend.  xli.  47. 
Report  on  an  alimentary  substance  :  by  M,  Boussingatdt.     Compt.  rend. 

xl.  1016. 
—  On  the  changes  which  sugar  undergoes  during  nutrition  :  by  Dr.  Becker. 

J.  Pharm.  [3]  xxvii.  298. 
On  fats,  and  on  the  nutritive  powers  of  various  kinds  of  fish  :  by  M,  Payen. 

Compt.  rend.  xli.  1. 


O. 

Oils. — On  the  saponification  of  oils  under  the  influence  of  substances  which 

accompany  them  in  seeds :   by  /.  Pelouze.     Compt.  rend.  xl.  605 ; 

Chem.  Gaz.  1855,  161;  Pharm.  J.  Trans,  xv.  40;  J.  pr.  Chem.  Ixv. 

300 ;  J.  Pharm.  [3]  xxvii.  321. 
— —  Mode  of  detecting  the  admixture  of  an  oil  from  the  seed  of  a  cruciferous 

plant  in  another  oil  obtained  from  grain  or  fruit:    by  M.  Mailho. 

J.  Pharm.  [3]  xxviii.  Ill ;  Pharm.  J.  Trans,  xv.  119. 
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Oils. — On  the  use  of  certain  essential  oils  in  the  arts:    by  M.  Girard.     J. 

Pharm.  [8]  xxviii.  299. 
Gas  and  oil  from  vegetable  substances  :  by  /.  //.  Johnson.     J.  Fr.  Inst. 

[3]  xxix.  354. 
Oils,  Volatile. — On  the  acid  waters  which  pass  over  in  the  distillation  of 

volatile  oils  :  by  G.  Wunder.     J.  pr.  Chern.  Ixiv.  499. 
Observations  on  iodised  oil :  by  M.  Bredschneider.     J.  Pharm.  [8]  xxvi. 

433. 
Chemical  researches  on  castor  oil,  and  on  caprylic  alcohol  obtained  from  it : 

by  /.  Bonis.      Ann.   Ch.  Phys.  [3]  xliv.  77  ;    J.  Pharm.  [3]  xxviii. 

113,  199. 
Artificial  formation  of  cinnamon  oil :  hy  A.  Strecker.     Ann.  Ch.  Pharm. 

xciii.  370;    Ann.  Ch.  Phys.  [3]  xliv.  354.— Also  by  M.  Wolf.     J. 

Pharm.  [3]  xxvii.  294. 
On  the  so-called  oil  of  cinnamon  leaves  from  Ceylon  :   by  /.  Stenhonse. 

Ann,  Ch.   Pharm.  xcv.  103;    J.  Pharm.  [8]  xxviii.  237;  Pharm.  J. 

Trans,  xiv.  319. 

On  the  dififerent  varieties  of  cod-liver  oil.     Pharm.  J.  Trans,  xiv.  413. 

Adulterations  of  cod-liver  oil:    by  M.  Berthe.      J.  Pharm.  [3]    xxviii. 

121. 
On  certain  dolphin  oils,  and  on  phocenic  acid :  by  M.  Berthelot.     J.  Pharm. 

[3]  xxvii.  34;  Chem.  Gaz.  1855,  187;  J.  pr.  Chem.  Ixiv.  495. 
Artificial  production   of  essential  oil  of  mustard:  hj  3fM.  Bertkeloi  and 

de  Luca.     Compt,  rend.  xli.  21 ;  Ann.  Ch.  Phys.  [3]  xliv.  495 ;  Chem. 

Gaz.  1855,  288. 
On  the  artificial  formation  of  essential  oil  of  mustard  :  by  N.  Zinin.     Ann. 

Ch.  Pharm.  xcv.  128;  J.  pr.  Chem.  Ixiv.  504. 

Preliminary  notice  on  olive  oil :  by  JF.  Heintz.     J.  pr.  Chem.  Ixiv.  111. 

Margaric  acid  from  olive  oil :  by  /.  Collett.     J.  pr.  Chem.  Ixiv.  ]  08. 

Germination  of  oleaginous  seeds :  by  H.  llellnegel.     J.  pr.  Chem.  Ixiv.  95. 

On  aasculetine  and  oil  of  origanum :    by   Fr,  Rochleder.     J.  pr.   Chem. 

Ixiv.  29. 
On  the  behaviour  of  palm  oil  when  heated  :  by  /.  /.  Pohl.     Wien.  Akad. 

Ber.  xii.  80;  Chem.  Gaz.   1855,87;  J.  pr.  Chem.  Ixiii.  240 ;  Pharm. 

J.  Trans,  xiv.  259. 
On  the  volatile  oil  of  Btychotis  Ajwan:   by  U.  Haines.     Chem.  Soc.  Qu.  J. 

viii.  289. 
On  the  stearoptene  obtained  from  the  oil  of  Ptychotis  Ajwan :  by  /.  Sten- 

house.     Ann.  Ch.  Pharm.  xciii.  2C9;  J.  Pharm.  [8]  xxvii.  478. 

Clarification  of  rape  oil :  by  U.  Wagner.     Pharm.  J.  Trans,  xv.  43. 

Shark's-liver  oil.     Pharm.  J.  Trans,  xiv.  453. 

Olefiant  Gas.— On  the  reproduction  of  alcohol  from  olefiant  gas:    by  M. 

Berthelot.     Compt.  rend.  xl.    102;  Chem.   Gaz.    J  855,  61;  Ann.   Ch. 

Pharm.  xciv.  78;  J.  pr.  Chem.  Ixv.  274. 
Oloba. — See  Fats. 
Ononis. — On  the  root  o^Ononis  spinosa  :  by  H.  Hlasiwetz.      Wien.  Akad.  Ber. 

xiv.  141 ;  Chem.  Gaz.  1855,  321,  342  ;  J.  pr.  Chem.  Ixv.  419. 
Opium. — On  indigenous  opium:    by  M.  Deschnemes.     Compt.  rend,  xl,  34; 

also  by  if.  Roux,  Ibid.  130. 

■ On  indigenous  opiam  :  by  M.  Boux.     J.  Pliarm.  [3]  xxvii.  186. 
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Ordeal  Bean. — ^qq  Bean. 

Ores, — On  the  smelting  of  pyritic  ores  containing  small  proportions  of  silver 

and  copper  with  a  lai-ge  proportion  of  zinc  :  by  Prof.  Plattner.     Chem. 

Gaz.  1855,  14. 
Organic  Analysi s. — See  Analysis. 
Organic  Matter. — Incineration  of  organic  matter :  by/.  W.  Slater.     Chem. 

Gaz.  1855,  53  ;  J.  pr.  Chem.  Ixv.  253. 
Organo-metallic  Bodies. — Researches  on  organo-metalhc  bodies.     Second 

Memoir— Zincethyl :    by  E.  Frankland.     Phil.  Trans.  1855,  ii.  259 ; 

Proc.  Eoy.  Soc.  vii.  303;  Chem.  Gaz.   1855,  158;  Phil.  Mag.  [4]  ix. 

539;  Ann.  Ch.  Pharm.  xcv.  28;  Ann.  Ch.  Phys.  [3]  xlv.  114;  J.  pr. 

Chem.  Ixv.  22. 
Note  respecting  the  history  of  organic  metal  compounds:  by^.  Frankland. 

Ann.  Ch.  Pharm.  xcv.  50  ;  J.  pr.  Chem.  Ixiv.  45. — Rej^ly  by  C.  Lowig. 

J.  pr.  Chem.  Ixv.  355. 
Osmose. — On  osmotic  force:    by  T.   Graham,     Chem.  Soc.  Qu.  J.  viii.   43; 

Ann.  Ch.  Phys.  [3]  xlv.  5. 
On  osmose  and  its  industrial  applications:  hj  M.  Dubrunfaut.     Compt. 

rend.  xli.  834. 
Oxalates. — Crystallochemical  monograph  on  oxalic  acid  audits  salts:    by 

C.  Rammelsherg .     Pogg.  Ann.  xcv.  177. 
On  the  green  colour  of  the  ferrico-alkaline  oxalates :  by  W.  Haidinger. 

Pogg.  Ann.  xciv.  246. 
Oxidation. — On  various  phenomena  of  oxidation  and  reduction  :  by  M.  Kuhl- 

mann.     Compt.  rend.  xli.  538. 
Oxides. — On  the  metallic  and  some  other  oxides,  in  relation  to  catalytic  phe- 
nomena: by  /.  B.  Ashby.     Proc.  Roy.  Soc.  vii.  322;  Chem.  Gaz.  1855, 

195 ;  Phil.  Mag.  [4]  x.  52. 
On  oxides  of  the  form  RgOg:  by  F.  RocJdeder.     Wien.  Akad.  Ber.  xv.  364; 

Chem.  Gaz.  1855,  291. 
On  the  solubility  of  various  metallic  oxides  and  earthy  carbonates,  and 

on  certain   reactions  exhibited  by   their  solutions :    by  A.  Bineau. 

Compt.  rend.  xli.  509. 
Determination  of  metalHc  oxides  by  carbonic  acid:  by  IT.  Vohl.    Ann. 

Ch.  Pharm.  xciv.  217. 
On  the  various  methods  of  determining  the  weak  or  strong  basic  power  of 

an  oxide  :  by  H.  Rose.     Pogg.  Ann.  xcvi.  195,  436. 
Oxygen. — Preparation,  on  the  large  scale,  of  oxygen  obtained  by  the  decom- 
position of  water :  by  M.  Muller.     Compt.  rend.  xl.  906 ;  J.  pr.  Chem. 

Ixv.  320. 
— —  Researches  on  oxygen  in  the  nascent  state :  by  ^.  Houzeau.     Compt.  rend. 

xl.  947 ;  J.  Pharm.  [3]  xxvii.  413  ;  Pogg.  Ann.  xcv.  484 ;  Chem.  Soc. 

Qu.  J.  viii.  237;  J.  pr.  Chem.  Ixv.  499. 
Researches  on  the  magnetic  power  of  oxygen:  by  F.  Becqnerel.     Compt. 

rend.  xl.  910;  Phil.  Mag.  [4]  ix.  474;  Ann.  Ch.  Phys.  [3]  xliv.  209. 
Note  on  various  phenomena  of  oxygenation  :    by  F.  Kuhlmann.     Compt. 

rend.  xli.  470  ;  Chem.  Gaz.  1855.  434. 
Improvements  in  obtaining  oxygen  gas  and  applying  it  in  the  manufac- 
ture of  various  acids  and  clilorine,  for  oxidating  metallic  solutions,  and 

for  ageing  and  raising  various  colouring  matters  (J.  Swindells'  and 

W.  Nicholson's  patent).     Chem.  Gaz.  1855,  139. 
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Oxygen. — On  the  influence  of  free  oxygen  in  analyses  by  oxidation  and 
reduction  :  by  F.  Kessler.     Pogg.  Ann.  xcvi.  332. 

On  some  remarkable  chemical  properties  of  electrolytic  oxygen  and  hy- 
drogen :  by  H.  Osann.     Pogg.  Ann?  xcvi.  498  ;  J.  pr.  Chem.  Ixvi.  102. 

On  the  estimation  of  oxygen  in  organic  analyses  :  by  M.  Baumhauer.    Ann. 

Ch.  Phys.  [3]  xlv.  327. 

Ozone.— On  the  constitution  and  properties  of  ozone:  by  T.Andrews.  Proc. 
Eoy.  Soc.  vii.  475  ;  Chem.  Gaz.  1855,  339. 

On  ozone:  by  C.  F.  Schdnbein.     Pharm.  J.  Trans,  xiv.  323,  371. 

Results  of  the  ozonometrical  observations  in  Bern,  from  Dec.  1853  to 

Nov.  1 854 :  by  R.  Wolf.     Pogg.  Ann.  xciv.  335. 

— —  First  result  of  ozonometric  observations  in  Cracow :  by  F.  Karlinskl. 
Pogg.  Ann.  xciii.  627. 


P. 

Paint. — On  a  new  mode  of  painting:  by  M.  Claudot.     Compt.  rend.  xli.  785; 

see  Lime. 
Pancreas. — On  the  pancreatic  secretion:  hy  C.  Schmidt.    Ann.  Ch.  Pharm. 

xcii.  33;  J.  pr.  Chem.  Ixiv.  239 ;  Chem.  Gaz.  1855,  96. 
On  a  peculiar  concretion  of  the  pancreas :  by  0.  IIe7iry^  Jun.    J.  Phann. 

[3]  xxvii.  285. 
Pancreatic  Juice. — On  the  analysis  of  fats,  and  on  the  action  of  the  pan- 
creatic juice  in  presence  of  those  compounds:  by  M.  Berihelot.    J. 

Pharm.  [3]  xxvii.  29. 
Papaverine. — Researches  on  papaverine:  hy  T.  Anderson.     Ed.  Phil.  Trans. 

xxi.  pt.  1 ;  Ann.  Ch.  Pharm.  xciv.  235 ;  Chem.  Soc.  Qu.  J.  viii.  282  ; 

J.  pr.  Chem.  Ixv.  233 ;  Chem.  Gaz.  1855,  21. 
Paper. — New  materials  for  the  manufacture   of  paper.     Pharm.  J.  Trans. 

XV.  31. 
Paraffin. — Examination  of  two  specimens  of  native  paraffin.    Pharm.  J. 

Trans,  xiv.  381. 
Paranitranilin e. — See  Aniline. 
Pepper. — Examination  of  the  Cubeha  Clusii,  Miquel,  or  black  pepper  of  West 

Africa :  by  /.  Stenhouse.     Ann.  Ch.  Pharm.  xcv.  106 ;  J.  Pharm.  [3] 

xxviii.  238. 
Perspiration. — Occurrence  of  iron  in  normal  urine  and  in  perspiration:  by 

MM.  Viale  and  Latini.    J.  Pharm.  [3]  xxvii.  382. 
Phillyrin. — On  phillyrin:    by  C.  Bertagnini.    Ann.  Ch.  Pharm.  xcii.  109; 

J.  Pharm.  [3]  xxvii.  58 ;  J.  pr.  Chem.  Ixiv.  246  ;  Ann.  Ch.  Phys.  [3] 

xliii.  351 ;  J.  Pharm.  [3]  xxvii.  375;  Chem.  Soc.  Qu.  J.  viii.  187. 
Phloretin. — On  phloretin  :  by  H.  Hlasiwetz.     Ann.  Ch.  Pharm.  xcvi.  118. 
Phosphates. — Action  of  water  at  a  high  temperature,  and  under  strong  pres- 
sure  on  the    pyrophosphates,    metaphosphates,    cyanides,   &c. :    by 

A.  B£ynoso.     Anil.  Ch.  Phys.  [3]  xlv.  107. 
On  the  constitution  of  the  phosphate  of  lime  existing  in  animal  charcoal, 

bone-ash,  &c.,  with  remarks  :  by  /.  B.  Smith.     Chem.  (ia/.  lsr)5,  201. 

On  some  ferroso- ferric  phosphates:  by  G.  Jenzsch.      Pogg.  Ami.  xcvi.  139. 

Crystallised  phosphate  of  cobalt.     Ann.  Ch.  Pharm.  xciv.  357  ;  J.  Pharm. 

[3]  xxviii.  238;  J.  pr.  Chem.  Ixvi.  126. 
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Phosphates.  —  On   Columbian  guano,  and  on   certain  peculiarities  in  the 

behaviour  of  bone-phosphate  of  lime :    by  C.  Morfitt.     Chem.  Gaz. 

J  855,  451. 
Phosphites.— On  a  new  phosphite  of  ethyl :  by  A.  W.  Williamson.    Ann.  Ch. 

Phys.  [3]  xliv.  52. 
Phosphorescence. — See  TAght. 
Phosphorus. — Action  of  iodide  of  phosphorus  on  glycerine  :  hy  MM.  Berthelot 

and  de  Luca.     Ann.   Ch.  Phys.  [3]  xliii.  257;    Compt.  rend,  xxxix. 

745;  Chem.  Soc.  Qu.  J.  viii.  145. 
Action  of  terchloride  of  phosphorus  on  a  series  of  monohydrated  acids  :  by 

M.  Bichamp.     Compt  rend.  xl.  944. 
On  a  new  mode  of  forming  the  sulphochloride  of  phosphorus.     Ann.  Ch. 

Pharm.  xciii.  274 ;  Ann.  Ch.  Phys.  [3]  xliv.  56. 
On  a  new  organic  acid  containing  phosphorus :  by  /.  Fritzsche.    J.  pr. 

Chem.  Ixiv.  205  ;  Chem.  Gaz.  1855,  109. 
Researches  on  the  influence  of  sulphur  upon  iron,  and  on  its  partial  neu- 
tralisation by  phosphorus  :  by  M.  Janoyer.    Ann.  Min.  [5]  vi.  149. 
On  some  acetyl  and  j^hosphorus  compounds:  h^  H.  Bitter.     Ann.  Ch. 

Pharm.  xcv.  208. 
• On  the  use  of  hypochlorite  of  magnesia  and  hydrate  of  magnesia  as  an 

antidote  to  poisoning  by  phosphorus :    by  L.  Hofmann.     Ann.  Ch. 

Pharm.  Ixxxiii.  146  ;  Chem.  Gaz.  1855,  384. 
Preliminary   notice  on  the  compounds  of  phosphorus  with  ethyl :   by 

F.  Berll     J.  pr.  Chem.  Ixvi.  73. 
Researches  on  some  new  phosphorus  bases :  by  A.  Cahours  and  A.  W. 

Hofmann.     Compt,  rend.  xli.  831. 
Photography. — Transformation  of   heliographic  impressions  into  indelible 

pictures  fixed  by  the  metliods  of  ceramic  decoration  :  by  L.  de  Camarsac. 

Compt.  rend.  xl.  1266. 
Report  on  two  photographic  processes,  by  M.  Taupenot :  by  M.  Chevreul. 

Compt.  rend.  xli.  383. 
On  a  photographic  method  of    determining  the  height  of  clouds:    by 

M.  Pouillet.     Compt.  rend.  xl.  1157. 
— ' —  On  a  more  convenient  fonri  of  applying  gallic  acid  as  a  developing  agent 

ill  photography:  by  W.  Crookes.    Phil.  Mag  [4]  ix.  225;  J.  pr.  Chem. 

Ixv.  315. 
Method  of  obtaining  positive  pictures  by  means  of  the  camera  obscura :  by 

A.  3foitessier.     Compt.  rend,  xl,  120. 
Analysis  of  positive  photographic    impressions :    by  A.  Davanne.    Ann. 

Ch.  Phys.  [3]  xliii.  485. 
On  the  causes  of  the  alteration  of  positive  photographic  impressions,  and 

on    the    means  of  reviving  them  :    by  MM.  Davanne   and    Gizurd. 

Oompt.  rend.  xli.  666, 
On  taking  daguerreotypes  without  a  camera :  by  /.  F.  Maschin.    J.  Fr. 

Inst.  [3]  xxix.  344. 
Preparation  of  bromide  of  ammonium  for  photographic   purposes  :    by 

M.  Engelliardt.     J  Pharm.  [3]  xxviii.  389. 
Process  for  obtaining    litliographs   by  j^hotography :    by   Brof.  Bamsey. 

Pharm.  J.  Trans,  xv.  232. 
Process  for  taking  })hotograi)lii('  pictures  on  glass :  by /.  ^.  Cutting.     J. 

Fr.  Inst.  [3]  xxx.  1 98. 
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Plants. — On  the  source  of  nitrogen  in  plants  :  by  A.  Petzholdt.     J.  ])x.  Clicm. 

Ixv.  101. 
Note  on  the  assimilation  of  nitrogen  by  agricultural  plants  :  by  M,  Uoy. 

Compt.  rend,  xxxix.  1133. 
Analysis  of  the  ashes  of  certain   plants  {Aster  tripfolimn  and  Chenopodium 

maritimum),  and  of  the  soil  on  wliich  they  grow  :  by  E.  Harms.     Ann. 

Ch.  Pharm.  xciv.  247. 
Abstract  of  the  report  on  the  influence  of  the  solar  radiations  on  the  vital 

powers  of  plants  growing  under   different   atmospheric   conditions. 

Part  III. :  by  /.  H.  Gladstone.     Cheni.  Gaz.  1855,  420. 
Report  on  a  memoir  by  M.  G.  Ville  on  the  assimilation  of  nitrogen  by 

plants:    by   M.   Chevreul.      Compt.  rend.   xli.   757;    Appendix,  775. 

Remarks  by  M.  Biot,  777. 
Platinum. — New  researches  on    platinum-ores :    by    Tl.  Fremi/.     Ann.  Ch. 

Phys.  [3]  xliv.  385. 
On  the  platinum  of  the  Alps  (5th  Memoir) :  by  M.  Gueymard.     Compt. 

rend.  xl.  1274. 
On  the  crystalline  forms  of  the  platinum-salts  of  the  compound  am- 
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xciii.  272. 
On  the  alleged  fluorescence  of  a  solution  of  platino-cyanide  of  potassium  : 

by  G.  Stokes.     Phil.  Mag.  [4]  x.  96. 
On  platinised  charcoal :  by  J.  Stenhoiise.     Chem.  Soc.  Qu.  J.  viii.  105  ; 

Ann.  Ch.  Pharm.  xcvi.  3fi. 
On  the  coating  of  copper  and  brass  with  platinum  by  the  electrotype  :  by 

M.  Jewreinoff.     Chem.  Gaz.  1855, 458. 
On  the  decomposition  of  the  platinum-salts  of  the  organic  alkalies :  by 

T.  Anderson.     Ann.  Ch.  Phys.  [3]  xlv.  306. 
Preliminary  notice  on  the  decompositions  of  the  platinum  double  salts  of 

organic  bases:  by  T,  Anderson.     Ann.  Ch.  Pharm.  xcvi.  199. 

Analysis  of  platinum-ore  from  Borneo.     Ann.  Ch.  Pharm.  xcvi.  243. 

P 1  e  o  c  h  r 0  i  s  ra.  —  See  Light. 

Pneumatic  Trough. — Improved  pneumatic  trough  :    by  G.  Osami.      J.  pr. 

Chem.  Ixiv.  314. 
Polarisation. — See  Light. 
Populine.— On  populine  :  by  R.  Piria.     II  Nuovo  Cimento,  i.  198  ;  Ann.  Ch. 

Phys.  [3]  xliv.  366;  Ann.  Ch.  Pharm.  xcvi.  375. 
Porcelain. — Analysis  of  the  Nymphenberg  porcelain,  and  of  the  material  used 

there  for  saggers:  by  F.  Vielgath.     Chem.  Gaz.  1855,  474. 
Potash. — On  the  form  and  composition  of  borate  of  potash  and  ammonia: 

by  C.Rammelsberg.     Pogg.  Ann.  xcv.  199;  J.  pr.  Chem.  Ixv.  375. 
On  the  form  and  composition  of  tartrate  of  potash :  by  C.  Rammelsberg. 

Pogg.  Ann.  xcvi.  19. 
Preparation  of  pure  carbonate  of  potash  :  hj  3L  Bloch.     Compt.  rend.  xl. 

364  ;  J.  pr.  Chem.  Ixiv.  319 ;  Chem.  Gaz.  1855,  113  ;  Pharm.  J.  Trans. 

xiv.  574.  • 
On  the  })resence  of  cyanogen  in  Kali  carbon  e  tartaro  :  by  ]V.  Wicke.     Ann. 

Cli.  Pharm.  xciv.  43;  J.  pr.  Chem.  Ixv.  128;  J.  Pharm.  [3]  xxviii. 

31)0, 
Source  of  yilica  in   carbonate  of  potaoh   obtained   by  culciuatiun  of  the 

bitartratc.     Pharm.  J.  Trans,  xv.  3^. 
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Potash. — On    tho    composition    and    phosphorescence   of   plate-sulphate  of 

potash  :    by  F.  Fenny.      Phil.  Mag.  [4]  x.  401 ;    Pharm.  J.  Trans. 

XV.  231. 
—  On  the  nitrite  of  cobaltic  oxide  and  potash  :  by  A.  Stromeyer.     Ann.  Ch. 

Pbarm.  xcvi.  218. 
Potassium. — On  a  peculiar  efflorescence  of  the  chloride  of  potassium:    by 

E.  Warington.     Chem.  Soc.  Qu.  J.  viii.  30 ;  J.  pr.  Ghem.  Ixv.  251. 
Propylene. — On  a  new  mode  of  formation  of  propylene:    by  M.  DusarU 

Compt.  rend.  xli.  495  ;  Chem.  Gaz.  1855,  412. 
• Kemarks  on  the  formation  of  iodopropylene :  by  MM.  Bertheloi  and  de 

Luca     Ann.  Ch.  Phys.  [3]  xliv.  350. 
Propylenyl. — On  some  bodies  of  the  propylenyl  (allyl)  series:  by  N.  Zinin. 

Chem.   Gaz.  1855,  244;    J.  pr.  Chem.  Ixv.  269;  Ann.  Ch.  Pharm. 

xcvi.  301. 
P ty c h 0  ti s. — On  the  stearoptene  of  the  oil  of  Ptychotis  Ajwan :  by  /.  Stenhouse. 

Ann.  Ch.  Pharm.  xciii.  209;  J.  Pharm.  [3]  xxvii.  478. 
On  the  volatile  oil  of  Ptychotis  Ajwan :   by  R.  Haines.     Chem.  Soc.  Qu.  J. 

viii.  289. 
Prussiates. — See  Cya?iogen. 
Pyritic  Ores. — See  Ores. 
Pyroxiline. — Eesearches   on  j)yroxiline:    by  M.  Bkchamp.      Compt.   rend. 

xli.  817. 


Quercitrin. — On  quercitrin  and  rutic  acid:    by  H,  Illasiwetz.     Ann.  Ch. 

Pharm.  xcvi.  118. 
Quinine. — Further  researches  into  the  properties  of  the  sulphate  of  iodo- 

quinine  or  herapathite,  more  especially  in  regard  to  its  crystallography, 

with   additional   facts  concerning  its  optical  relations :    by    TF.  B. 

Herapath.     Phil.  Mag.  [4]  ix.  366 ;  J.  pr.  Chem.  Ixv.  380. 
Occurrence  of  quinine  in  the  urine  of  patients  treated  with  the  salts  of 

that  alkaloid:  by  M.  Bon7iewyn.     J.  Pharm.  [3]  xxvii.  387. 
Quinine  and  quinidine    found    in    the  urine  of   patients  treated  with 

salts  of  those  alkaloids :  by  W.  Herapath.    J.  Pharm  [3]  xxvii.  205, 


Radicals,  Organic. — On  a  new  class  of  organic  radicals:    by  A.   Wurtz. 

Ann.  Ch.  Phys.  [3]  xliv.  275 ;  Compt.  rend.  xc.  1285 ;  Chem.  Gaz. 

1855,  285;  J.  pr.  Chem.  Ixvi.  75;  Anu.  Ch.  Pharm.  xcvi.  364. 
Radicals. — On  the  substitution  of  the  aldehyde-radicals  in  ammonia:    by 

/.  Natanson.     Ann.   Ch.   Pharm.   xciv.  48;    Chem.  Gaz.   1855,  12; 

J.  i^r.  Chem.  Ixiv.  164;  Chem.  Soc.  Qu.  J.  viii.  150, 
Rape. — Experiments  on  tlie  inorganic  materials  required  for  the  fructification 

of  winter  wlieat,  summer  barley,  and  summer  rape  :  by  the  Prince  of 

Salm-Horstmar.     J.  pr.  Chem.  Ixiv.  1. 
Reduction.— -On  various   phenomena  of   oxidation  and  reduction;    by  M. 

Kuhloumn.     Com})t.  rend.  xli.  538. 
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Resin. — On  the  gum  of  Sonora,  juice  of  Varennea,  and  resin  of  Panal :  bj' 

L.  Soubeiran.     J.  Pharm.  [3]  xxviii.  196. 
Microscoi7ical   observations   of  very   regular   movements   accompanying 

the  precijntation  of  resinous  bodies  from  alcohol :  by  B.  H.   Weber. 

Pogg.  Ann.  xciv.  447. 

On  the  so-called  jalap-resins  :  by  JF.  Mayer.     Ann.  Ch.  Pharm.  xcv.  129. 

Ilhodanogen. — See  Cyanogen. 

llocks. — Examination  of  some  felspathic  rocks:  h^  T.  S.  Hunt.     Phil.  Mag. 

[4]  ix.  363 ;  Compt.  rend.  xli.  186. 
On  the  cause  of  the  green  colour  of  certain  Neptunian  rocks,  especially  of 

dolomite  :  by  A.  Petzholdt.     J.  pr.  Chem.  Ixiii.  193. 

On  the  splitting  of  rocks  :  by  M.  Lanzel.     Compt.  rend.  xl.  182, 

Rotatory  Powe r. — See  Light. 

Rubian. — On  rubian  and  its  products  of  decomposition:  by  JE.  Schunck.    Part 

III.     Phil.  Trans.  1855,  ii.  389;  Proc.  Roy.  Soc.  477;  Chem.  Gaz. 

1855.  357. 


S. 

Saccharine  Substances. — On  the  neutral  compounds  of  saccharine  sub- 
stances with  acids  :  by  M.  Berthelot.     Compt.  rend.  xli.  452. 
Saffron. — Adulteration  of  saffron  with  flowers  oi  fuminella :  hy  L.  Soubeiran. 

J.  Pharm.  [3]  xxvii.  266. 
Salicyl. — Researches  on  some  new  compounds  of  salicyl :    by  C.  Gerhardt. 

Ann.  Ch.  Phys.  [3]  xlv.  90. 
Saline  Solution s. — On  the  supersaturation  of  saline  solutions  :  by  //.  Loewel. 

Ann.  Ch.  Phys.  [3]   xliii.    405;    xliv.  313;    Compt.  rend.  xl.    481, 

1169. 
Saliva. — On  the  saliva  of  Dolium galea:  by  Troschel.     Pogg.  Ann.  xciii.  614; 

J.  pr.  Chem.  Ixiii.  170. 
Salt.— On  the  function  of  salt  in  agriculture:  by  A.  B.  Northcote.     Phil.  Mag. 

[4]  X.  179  ;  Pharm.  J.  Trans,  xv.  172. 
On   the  influence  of  common   salt   on  the  formation  of  minerals :    by 

/.  G.  Forchhammer.     Pogg.  Ann.  xcv.  60. 
On  the  object  of  salt  in  the  sea:   by  Prof.  Chapman.     Phil.  jNIag.  [4] 

ix.  230. 
Salts. — On  the  changes  of  volume  which  accompany  the  solution  of  anhydrous 

salts  in   water,    and   the   dilution   of  aqueous   saline   solutions :  by 

P.  Kremers.     Pogg.  Ann.  xcv.  110. 
On  the  composition  of  certain  salts :   by  C.  Rammehberg.      Pogg.  Ann. 

xciv.  507;  J.  pr.  Chem.  Ixv.  181. 
On  the  variations  in  the  degree  of  affinity  between  water  and  salts :  by 

P.  Kremers.     Pogg.  Ann.  xciv.  255. 
On  the  decompositi«n  of  insoluble  salts  by  solutions  of  soluble  salts  :  by 

//.  Rose.     Pogg.  Ann.   xciv.  481;    xcv.  UO,  284,  426;    Chem.    Guz. 

1855,  373. 
Sanguinarinc. — On  the  identity  of  sanguinarine  and  chelcritlirino,  and  on 

the  direct  determination  of  nitrogen:    by  J.Schlel.      Sill.  xVui.  J.  [2j 

XX.  220. 
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Sawdust. — On  the  manufacture  of  alcohol  from  sawdast :   by  3L  ArnauU. 

Chera.  Gaz.  1«55,  95. 
Seeds. — Germination  of  oleaginous  seeds:    by  H.  Hellriegel.    J.  pr.   Chem. 

Ixiv.  95. 
Selenium. — On  selenide  and  seleniochloride  of  bismuth:  hy  B.  Schneider. 

Pogg.  Ann.  xciv.  628;  J.  pr.  Chem.  Ixv.  353. 
Selenium  in  pseudomalachite  from  Kheinbreitenbach  :  by  Prof.  BodeJcer. 

Ann.  Oh.  Pharm.  xciv.  856;  J.  pr.  Chem.  Ixvi.  125. 
Seminal  Fluid. — Action  of  the  seminal  fluid  on  neutral  fats:  by  M.  Longet. 

Compt.  rend,  xxxix.  1090;  J.  pr.  Chem.  Ixiv.  251. 
Sheathing. — On  the  composition  of  the  sheathing  of  ships.    J.  Fr.   Inst. 

[8]  xxix.  48. 
Silica. — On  hydrate  of  silicic  acid  and  silicate  of  ammonia:    by  J.Liebig. 

Ann.  Ch.  Pharm.  xciv.  373  ;  Chem.  Gaz.  1855,  371. 
Source  of  silica  in  carbonate  of  potash  obtained  by  calcination  of  the 

bitartrate.     Pharm.  J.  Trans,  xv.  38. 
On  the  hydrated  sihca  obtained  in  the  decomposition  of  silicate  of  soda  in 

the  manufacture  of  coloured  tissues:  hy  E.  M.  Pless;^.     Compt,  rend. 

xli.  599. 
Silicates. — On  tlic  decomposition  of  alkoline  silicates  by  carbonic  acid,  and 

on  the  solubility  of  silicic  acid  in  pure  water,  as  well  as  in  presence  of 

hydrochloric  acid,  carbonic  acid,   ammonia,  sal-ammoniac,  and  bicar- 

bonates  :  by  L.  Struckmann.     Ann.  Ch.  Pharm.  xciv.  337  ;  Chem.  Gaz. 

1855,  261. 
On  the  formation  and  composition  of  certain  silicates  containing  lime  and 

alumina :  by  G.  Jenzsch.     Pogg.  Ann.  xcv.  307. 
On  the  use  of  silicate  of  po'ash  to  iix  colours  on  various  substances :  by 

M.  Baudrimont.     Compt.  rend.  xli.  367. 
Silicate  of  soda  as  a  means  of  fixing  aluminous  and  iron  mordants :  by 

P.  Bolley.     Chem.  Gaz.  1855,  58. 
On  various  new  applications  of  double  silicates :  by  M.  Kuhlmann.     Compt. 

rend.  xli.  162;  Pharm.  J.  Trans,  xv.  80;  Chem.  Gaz.  1855,  298,  378, 

898. 
S  i  1  i  3  i  u  m. — New  researches  on  silicium  and  titanium  :  by  H.  Ste.-  Claire  Deville. 

Compt.  rend.  xl.  1034;  Chem.  Gaz.  1855,  228. 
On  a  new  form  of  silicium  :    by  //.  Ste.-Claire  Beville.     Ann.  Ch.  Phys. 

[8]  xliii.  81  ;  Chem.  Soc.  Qu.  J.  viii.  242. 
■  Fulminating  powder  composed  of  silicium  in  the  form  of  a  metallic  sponge : 

by  if.  Chenot.     Compt.  rend.  xl.  909  ;   Pogg.  Ann.  xcv.  835 ;  J.  pr. 

Chem.  Ixv.  874. 
Silk. — Poisoning  by  sewing  silk.     J.  Pharm.  [3]  xxvii.  461. 
Silver. — Extraction  of  silver,  by  Augustin's  method,  from  copper  matte  con- 
taining lead  and  zinc  :  by  Prof.  Plattner.     Chem.  Gaz.  1855,  58. 
On  acanthite,  a  new  species  of  silver-glance  :    by  A.  Kenngott.      Pogg. 

Ann.  xcv.  462. 
On  a  modification  which  it  is  convenient  to  introduce  in  certain  cases  into 

the  assaying  of  silver  in  the  humid  way:  by  A.  Levol.     Ann.  Ch, 

Phys.  [8]  xliv.  347. 

On  the  iodonitrate  of  silver  :  by  J.  Schnaiiss.     Chem.  Gaz.  1855,  127,  347. 

On  the  use  of  chloride  of  silver  in  qualitative  analysis  with  the  blowpipe  ; 

by  //.  Gericke.     Chem.  Gaz.  1855,  188. 
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Silver. — Tlemoval  of  stains  of  nitrate  of  silver.     Chem.  Gaz.  1S55,  348. 

On  a  new  ore  of  silver  :  by  H.  J.  Brooke.     Phil.  Mag.  [4]  x.  436. 

Skin — Action  of  carbonic  acid  on  the  skin:  by  M.  Herpin.     Compt.  rend,  xl, 

690,  1101. 
On  the  sensation  of  heat  j^roduced  by  carbonic  acid  in  contact  with  the 

skin :    by  M.  Boussingault.     Ann.  Ch.  Phys.   [8]  xliv.  204 ;  Compt. 

rend.  xl.  1004. 
Slags. — Analyses  of  slags  from  the  charcoal-fed  blast-furnaces  at  the  Concordia 

iron  works,  near  Coblentz :  by  E.  Althans.     Ann.  Ch.  Pharm.  xciv.  348. 
On  the  crystalline  form  and  chemical  composition  of  some  iron-furnace 

slags  :  by  Th.  Schesrer.     Ann.  Ch.  Pharm.  xciv.  70. 
Improvements  in   the  treatment  of  heating,  puddling,  and  refining  iron 

slags  and  cinders  (F.  C.  Calvert's  patent).     Chem.  Gaz.  1855,  279. 
Slate. — On  the  metamorphosis  of   clay-slate  at  EichgriiL,,    in    Saxony:    by 

by  L.  Carius.     Ann.  Ch.  Pharm.  xciv.  45;  J.  pr.  Chem.  Ixv.  118. 
Smoke. — Apparatus  for  the  prevention  of  smoke  in  furnaces  heated  with  coal : 

by  M.  Dumeril.     Compt.  rend.  xl.  934. 
Soap. — On  the  use  of  algse  and  other  plants  in  the  manufacture  of  soaps  :  by 

the  Chev.  de  Claussen.     Pharm.  J.  Trans,  xv.  238. 
Soda. — On  the  solubility  of   carbonate  of  soda:   by  H.  Loewel.     Ann.  Ch. 

Phys.  [3j  xliv.  327.— Remark  by  M.  Fayen.     Ibid.  330. 
On  the  solubility  of  carbonate  of  soda :  by  M.  Fayen.     Ann.  Ch.  Phys. 

[3]  xliii.  233  ;  Ann.  Ch.  Pharm.  xciv.  128  ;    J.  Pharm.  [3]   xxvii.  288. 

Remark  thereupon,  by  M.  Loewel.     Ann.  Ch.  Phys.  [3]  xliii,  4:^8. 
Use  of  native  sulphate  of  magnesia  instead  of  sulphuric  acid  in  the 

manufacture  of  sulphate  of  soda :  hj  B.  de  Luna.     Ann.  Ch.  Pharm. 

xcvi.  104;  Chem.  Gaz.  1855,400. 
Sodium. — On  sodium  and  its  manufacture  :  by  W.Beetson.     Pharm.  J.  Trans. 

XV.  227. 
Soils. — Analysis  of  the  ashes  of  certain  plants,  and  of  the  soil  on  which  they 

grow:    by  Ed.  Hams.     Ann.  Ch.   Pharm.  xciv.  247;    J.  pr.  Chem. 

Ixv.  510. 
Chemical  examination  of  various  plant-ashes,  soils,  and  waters:  by  H.S. 

Johnson;    and  their  relation  to    certain    conditions  of  vegetation  in 

Bavaria  :  by  0  Lendtner.     Ann.  Ch.  Pharm.  xcv.  220. 
Analysis  of  the  lower  stratum  of  the  Liineburg  soil  containing  infusoria: 

by  W.  Wicke.     Ann.  Ch.  Pharm.  xcvi.  128. 
Solidification.— Observations  on   fusion  and  solidification:    by  J.  Bouis. 

Ann.  Ch.  Phys.  [3]  xliv.  152. 
Solution. — Thoughts  on  solution,  and  on  the  chemical  process:  by  T.  S.IIunt. 

Chem.  Gaz.  1855,  92;  Sill.  Am.  J.  [2]  xix.  100. 
Sorgho.— On  the  Sorgho  sucre  :  by  L.  Filmorin.     J.  Pharm.  [3]  xxviii.  63. 
Specific  Gravity. — "^qq  Density. 
Specific  Volume. — See  Volume. 
Spirit  0  f  W  i  n  e.  —  See  Alcohol. 
Stan  nates. — ^qq  Tin.    • 
Starch. — Micro-chemical  researches  on  the  digestion  of  starch  and  amylaceous 

foods:  by  P.  B.Ayres.     Proc.  Roy.  Soc.  vii.  225. 
On  the  colouration  of  starch  by  iodine :  analytical  method  of  detecting 

starch  when  its  presence  is  disguised  by  certain  organic  substances  : 

by  A.  Bechamp.    J.  Pharm.  [3]  xxvii.  iOU. 
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Starch. — On  the  blue   colouration  of  starch  by  iodine:  by  M.  Blondot.    J. 

Pharm.  [3]  xxviii.  45. 
Steam. — On  the  value  of  steam  in  the  decomposition  of  neutral  fatty  bodies  : 

by  G.  Wilson.     Proc.  Roy.  Soc.  vii.  182;  Pharm.  J.  Trans,  xiv.  514, 
Stearates. — On  the  products  of  the  distillation  of  stearate  of  lime,  and  parti- 
cularly on  stearin  :  by  VT.  Ileintz.     Pogg.  Ann.  xcvi.  65 ;  J.  pr.  Chem. 

Ixvi.  121;  Chem.  Gaz.  1855,  888. 
Stearin. — Products  of  stearin  by  distillation.     Pharm.  J.  Trans,  xiv.  522. 
Stearopten  es. — See  Oils. 

Steel.— Manufacture  of  steel.     J.  Fr.  Inst.  [3]  xxx.  133,  203. 
S  t  i  b  a  m  y  1  s. — See  Amyl. 
Stibethyl  and  Stibethylium. — ^qq  Elhyl. 
Stilling! a. — Investigation  of  the  vegetable  tallow  from  a  Chinese  plant,  the 

Stillingia  sebifera:  by  N.  S.  Maskelyne.     Chem.  Soc.  Qu.  J.  viii.  1; 

J.  pr.  Chem.  Ixv.  287. 
Stoichiometry. — Contributions  to  the  stoichiometry  of  the  physical  properties 

of  chemical  compounds:  by  H,  Kopp.    Ann.  Ch.  Pharm.  xcvi.  1,  153, 

303. 

I.— Regularities  in  the  boiling'  points  of  organic  compounds. 

II.— On  the  specific  volumes  of  liquids  containing  carbon,  hydrogen,  and  oxygen. 

III.— On  the  specific  volumes  of  compounds  containing  sulphur,  chlorine, 
bromine,  and  iodine. 

IV.— On  the  specific  volumes  of  liquid  compounds  in  general. 

V. — Addendum  to  the  investigation  on  the  dependence  of  boiling  point  on  com- 
position. 

Stone. — On  Hutchinson's  process  for  indurating  and  rendenng  impervious  to 
moisture  sandstone  and  other  porous  stone,  plaster  of  Paris,  &c.  J. 
Fr.  Inst.  [3]  xxvi.  136. 

Strontia. — Decomposition  of  the  sulphates  of  strontia  and  lime  by  alkaline 
carbonates  :  by  H.  Rose.     J.  pr.  Chem.  Ixv.  317. 

Strontium. — Lithium  and  strontium  obtained  in  the  metallic  state  by  elec- 
trolysis ;  by  R.  Bunsen.     Compt.  rend.  xl.  717  ;  Chem.  Gaz.  1855,  185. 

On  the  preparation  of    strontium   and  magnesium :  by  A    Matthiessen. 

Chem.  Soc.  Qu.  J.  viii.  107. 

S try c  hn  in  e. — On  the  crystalline  forms  of  strychnine  :  by  A.  Kenngott.  Pogg. 
Ann.  xcv.  613. 

On  the  compounds  of  iodine  and  strychnine  :  by  W.  B.  Herapath.     Proc. 

Eoy.  Soc.  vii.  447;  Chem.  Gaz.  1855,  320. 

Sublimation. — Description  of  an  apparatus  for  sublimation:  by  U.  v.  Gorup- 
Besanez.     Ann.  Ch.  Pharm.  xciii.  265, 

Sugar. — On  the  action  of  pure  water  and  certain  saline  solutions  on  cane- 
sugar  :  by  M.Bechamp.     Compt.  rend.  xl.  436;  J.  Pharm.  [3]  xxvii.  27 1. 

Action  of  glucose  on  salts  of  copper  in  presence  of  acetates :  by  A.  Reynoso. 

Compt.  rend,  xli,  278. 

On  the  compounds  of  grape-sugar  with  chloride  of  sodium :  by  G.  St'ddeler. 

Chem.  Gaz.  1855,  44. 

Ou  the  changes  which  sugar  undergoes  during  nutrition  :  by  Br.  Becker. 

J.  Pharm.  [3]  xxvii.  298. 

On  tl]e  formation  of  sugar  in  the  living  organism:  by  G.  Colin.     Compt, 

rend.  xl.  1268. 

Experimental  resoarchos  on  the  origin   of  sugar  in  the  animal  economy: 

by  J/,  Pojjijiale.     J.  Phurm.  ,'  -il  xxviii,  161 ;  Compt.  rend.  xl.  887. 
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Sugar. — An  experimental  inquiry  into  the  nature  of  the  metamorphosis  of 

saccharine  matter  as  a  normal  process  of  the  animal  economy:    by 

F.  W.  Favy.     Proc.  Eoy.  Soc.  vii.  370  ;  Chem.  Gaz.  1855,  275. 
Note  on  the  presence  of  sugar  in  the  blood  of  the  vena  porta  and  of  the 

hepatic  veins:  by  CI. Bernard.     Compt.  rend.  xl.  716. 
On  the  glycogenic  function  of  the  liver :  by  M.  Leconte.     Compt.  rend. 

xl.  903;  xli.461. 
On  the  formation  of  sugar  in  the  liver :  by  CI.  Bernard.     Compt.  rend. 

xl.  589. 
On  the  formation  of  sugar  in  the  liver,  and  on  the  normal  existence  of 

sugar  in  the  blood  of  man  and  other  animals  :  by  L.  Figuier.    J.  Pharm. 

[3]  xxvii.  343,  426  ;  xxviii.  5 ;  Compt.  rend.  xl.  228. 
— —  On  the  formation  of  bile-sugar  in  the  liver :  by  /.  Moleschott.     Compt. 

rend.  xl.  1040. 
On  the  detection  of  sugar  in  diabetic  urine  :  by  M.  Baudrimont.     Compt. 

rend.  xli.  176. 
Estimation  of  sugar  in  diabetic  urine  :  by  MM.  Wiche  and  Lesting..    Ann. 

Ch.  Pharm.  xcvi.  87,  93,  100. 

On  some  saccharine  matters :  by  M.  Berthelot.     Compt.  rend.  xli.  392. 

On  the  composition  of  sugar  of  milk,  and  its  behaviour  with  oxide  of 

copper:  by  Q.  Stddeler  and  W.  Krause.     Chem.  Gaz.  1855,  67. 
On  an  animal  glycogenous  substance  :  by  M.  Lehniann.     Compt.  rend.  xl. 

774;  Chem.  Gaz.  1855,  233. 
— —  Detection  of  sugar  in  the  blood  of  the  vena  porta :  by  M.  Lehmann.     Compt. 

rend.  xH.  661. — Remarks  by  M.Bernard,  ibid.  665;  also  by  M.  Figuier, 

ibid.  713. 
Sulphates. — On  the  double  sulphates  of  the  magnesia  group,  and  their  com- 
pounds one  with  the  other  :  by  H   Vohl.     Ann.  Ch.  Pharm.  xciv.  57 ; 

J.  pr.  Chem.  Ixv.  177. 
Decomposition  of  sulphate  of  baryta  by  alkaline  carbonates  :  by  K.  Rose. 

Pogg.  Ann.  xcv.  96;    Chem.  Gaz.  1855,  186;   J.  pr.  Chem.  Ixiv. 

38J. 
On  the  decomposition  of  the  sulphates  of  strontia  and  lime  by  alkaline 

carbonates  :  by  H.  Rose.     Pogg.  Ann.  xcv.  284. 
On  the  solubility  of  certain  sulphates  of  the  magnesia-series  in  water : 

by  E.  Toiler.    Ann.  Ch.  Pharm.  xcv.  193. 
On  the  solubility  of  sulphate  of  lithia  in  water:  by  P.  Kremers.    Pogg. 

Ann.  xcv.  468. 
On  the  composition  and  phosphorescence  of  plate-sulphate  of  potash :  by 

F.  Fenny.     Phil.  Mag.  [4]  x.  401 ;  Pharm.  J.  Trans,  xv.  231. 
On  the  use  of  native  sulphate  of  magnesia  instead  of  sulphuric  acid  in  the 

manufacture  of  hydrochloric  acid,  sulphate  of  soda,  nitric  acid,  and 

chlorine  :  by  R.  de  Jjiina.     Ann.  Ch.  Pharm.  xcvi.  104. 
Sulphites. — On  acid  mercuric   sulphites:  by   W.  Wicke.     Ann.  Ch.  Pharm. 

xcv.  176. 
Sulphocyanoge  n. — Se»  Cyanogen. 
Sulphur. — On  the  melting  point  and  modifications  of  suli)hur:  by^.  C.  Brodie. 

Proc.  Roy.  Soc.  vii.  24;  Ann.  Ch.  Phys.  [3]  xliv.  3C>2. 
— —  On  the  mode  of  action   of  sul[)ljur  in  destroyiug  the  disease  of  the  vine  : 

by  M.  Maren.     Compt.  rend.  xli.  397. 
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Sulphur. — Desulphuratioii  of  metals  and  extraction  of  gold:  by  H.  Holland. 
J.  Pharm.  [3]  xxvii.  319. 

On  the  colouring  of  glass  by  the  sulphides  of  the  alkali-metals,  and  on  the 

resemblance  of  the  changes  of  colour  thereby  produced  to  those  of 
sulphur  :  by  D.  C.  SpUtgerber.     Pogg.  Ann.  xcv.  472. 

On  a  new  mode  of  forming  the  sulphochloride  of  phosphorus.     Ann  Ch. 

Pharm.  xciii.  274  ;  Ann.  Ch.  Piiys.  [3]  xliv.  5G. 

Eesearches  on  the  influence  of  sulphur  upon  iron,  and  on  its  partial  neu- 
tralisation by  phosjihorus  :  by  M-  Janoyer.     Ann.  Miu.  [5]  vi.  149. 

Sulphuretted  Hydrogen. — On  the  absorption- cocthcient  of  sulphuretted 
hydrogen:  by  F.  Schoufeld.     Ann.  Ch.  Pharm.  xcv.  1. 

T. 

Tabasheer. — Memoir  on  tabasheer :  by  J/.  Guibourt.     J.  Pharm.  [3]  xxxvii. 

81,  161,  252;  Phil.  Mag.  [4]  x.  229. 
Tallow. —See  i^«^5. 
Tannin. — Method  of  decolourising  tannin  :  by  F.  Kummell.     Pharm.  J.  Trans. 

XV.  120. 
Tantalum. — Researches  on  ilmenium,  niobium,  and  tantalum  :  by  R.  Hermann. 

J.  pr.  Chem.  Ixv.  54. 
T  a  r  t a r -  e  m e tic. — See  Antimony. 
Tartrates. — On  the  form  of  the  right  and  left  double  tartrates  and  of  racemic 

acid  :  by  C.Rammelsberg.     Pogg.  Ann.  xcvi.  28. 

On  the  form  and  composition  of  tartrate  of  potash  and  tartrate  of  ammo- 

nia, and  on  their  isomorphous  mixture :  by  C.  RammeUberg.     Pogg. 

Ann.  xcvi.  18. 
On  tartrate  of  lime,  and  a  reaction  of  tartaric  acid :    by  A.  Casselmann. 

Ann.  Ch.  Pharm.  Ixxxiii.  148;  Chem.  Gaz.  1855,  388. 
Tea. — Chinese  method  of  scenting  tea.     Pharm.  J.  Trans,  xv.  112. 
T  ellurium. — On  a  compound  of  methyl  with  tellurium  :  by  F.  Wohler.     Compt. 

rend.  xl.  13;  Ann.   Ch.  Phys.   [3]   xliii.  234;  Chem.  Gaz.  1855,41; 

J.  pr.  Chem.  Ixiv.   240;  Aun.  Ch.  Pharm.  xciii.  233;  Chem.  Soc.  Qu. 

J.  viii.  164. 
Theobromine. — On  the  true  theobromine:  by  F.  Keller.    Ann,  Ch.  Pharm. 

xcii.  71 ;  J.  Phai-m.  [3]  xxvii.  160  ;  J.  pr.  Chem.  Ixiv.  190. 
Thermometer. — See  Heat. 
Thiosinethylammonium.  —  On    iodide    of    thiosinethylammonium :     by 

C.  Weltzien.     Ann.  Ch.  Pharm.  xciv.  103;  J.  pr.  Chem,  Ixv.  318. 
Thuja. —On  Thuja  occidentalis :    by  A.  Kawalier.      J.    pr.  Chem.    Ixiv.    16; 

Chem.  Gaz.  1855,  45. 
Tin. — New  method  of  preparing  the  oxide  of  tin  used  for  polishing  metals  and 

glass  :  by  M.  Fogel,  Jan.     J.  Pharm.  [3]  xxviii.  194. 

On  the  preparation  of  pure  crystallised  protosulphide  of  tin  :  h^^  R.  Schnei- 

der. Pogg.  Ann,  xcv.  169;  Chem.  Gaz.  1855,  243;  J.  pr.  Chem. 
Ixv.  249. 

Process  for  tinning  metals  :  by  MM.  Roselewr  and  Boucher.     Chem.  Gaz. 

1855,  76  ;  J,  pr.  Chem,  Ixv.  250. 

Experiments  on  some  of  the  compounds  of  tin  with  arsenic  :  by  E.  Haeffely. 

Phil,  Mag.  [4]  x.  290. 
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Tin. — Preparation  of  the  alkaline  stannates  :    by  E.  Haeffely.     J.  pr.  Chem. 
Ixv.  122  ;  J.  Pharm.  [3]  xxviii.  235  ;  Chem.  Gaz.  1855,  59. 

Simple  mode  of  preparing  the  protoxides  of  iron,  manganese,  and  tin. 

Ann.  Pharm.  xcv.  116;  Chem.  Gaz.  1855,  330. 
Process  for  tinning  metals :  by  MM.  Roseleur  and  Boucher.     J.  Fr.  Inst. 

[3]  xxix.  274. 
Titan i um. — New  researches  on  silicium  and  titanium  :  by  H.  Ste.-Claire  Deville, 

Compt.  rend.  xl.  1034 ;  Chem.  Gaz.  1855,  228. 

Vanadium  and  titanium  in  sphserosiderite  found  near  Bonn :  by  Prof. 

Bodeker.     Ann.  Ch.  Pharm.  xciv.  355. 
The  titaniferous  iron  of  the  Mersey  shore :  by  Br.  Edwards.     Pharm.  J. 

Trans,  xv.  232. 
Toluidine. — Action   of  iodide  of  ethyl  on  toluidine :  by  R.  J.  Morlev  and 

/.  *S'.  Abel.    Ann.  Ch.  Pharm.  xciii.  311 ;  Ann.  Ch.  Phys.  [3]  xliv.  352. 
Toluol. — On  the  products  of  the  decomposition  of  nitrobenzol  and  nitrotoluol 

by  sulphite  of  ammonia :    by  L.   Hilkenkamp.      Ann.    Ch.  Pliarm. 

xcv.  86. 

On  the  transformation  of  toluol  into  benzoic  alcohol  and  toluic  acid  :  by 

S.  Cannizzaro.     Compt.  rend.  xli.  517;  Chem.  Gaz.  1855,  428. 
Tr agacan  th. — On  tragacanth  and  its  adulterations  :  by  S.  H.  Maltass.    Pharm. 
J.  Trans,  xv.  18. 

On  tragacanth  and  some  allied  gums:  by  Jf.  Guibourt.     Pharm.  J.  Trans. 

XV.  57. 
Trimethylamine. — See  Methyl. 
Tungsten. — On  metallic  tungsten  and  molybdenum:  by  Wdhler.    Ann.  Ch. 

Phai-m.  xciv.  255;  Chem.  Gaz.  1855,  206;  J.  pr.  Chem.  Ixv.  507. 

Kesearches   on   the   tungstates :    by    JF.    Lotz.       Ann.   Ch.   Phys.    [-1] 

xliii.  246. 

Tungstates  in  North  Carolina:  by  F.  A.  Genth.     Sill.  Am.  J.  [2]  xix  22. 

Type. — Improvements  in  the  manufacture  of  type  (J.  R.  Johnson's  patent). 

Chem.  Gaz.  1805,  180 ;  J.  pr.  Chem.  Ixv.  250. 

New  composition  for  types,  stereotype  plates,  &c. :  by  H.  Ehrhard.     Chem. 

Gaz.  1855,  154. 
Tyrosin. — On  the  occurrence  of  leucin  and  tyrosin  in  the  human  liver :  by 
F.  T.  Frierichs  and  G.  Stddeler.     Chem.  Gaz.  1855,  6. 


U. 

Up  as. —Observations  on  the  Upas  poison:  h^  E.Mayer.     Ann.  Ch.  Pharm. 

xciv.  250;  J.  pr.  Chem.  Ixvi.  502. 
Uranium. — Double  salts  formed  by  cliloride  of  uranium  with  the  organic 

alkaloids :  by  C.  G.  Williams.     Chem.  Gaz.  1855,  450. 
Urea. — Cleansing  of  flax  and  hemp  by  means  of  urea  and  water  at  ordinaiy 

temperatures:  by  M.  Blet.     Compt.  rend.  xl.  122. 

On  a  new  salt  of  ufea :  by  0.  Beckmann.     Ann.  Ch.  Phys.  [3]  xliii.  366. 

On  conjugated  ureas  :  by  A.  Zini?i.     Ann.  Ch.  Phys.  [3]  xliv.  57  ;  Chem. 

Soc.  Qu.  J.  viii.  158. 
On   some  substituted  ureas:  hy  F.  Moldenhauer.     Ann.  Ch.  Pharm.  xciv. 

100;  Chem.  Soc.  Qu.  J.  viii.   158;    Chem.  Gaz.   1855,  233;  J.  pr. 

Chem.  Ixv.  247. 
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Urea. — Detection  of  urea  in  diabetic  urine:    by  E.  B.  Schmid.      Ann.  Ch. 

Pharm.  xcvi.  231. 
Urine. — Experiments  on  urine,  especially  for  the  determination  of  the  phos- 
phoric acid  and  earthy  phosphates  contained  in  it :  by  R.  Duncklenberg. 

Ann.  Ch.  Pharm.  xciii.  88 ;  J.  pr.  Chem.  Ixiv.  235. 
0(;currence  of  iron  in  normal  urine  and  in  perspiration :  by  MM.  Viale 

and  Latini.     J.  Pharm.  [3]  xxvii.  382. 
Occurrence  of  quinine  in  the  urine  of  patients  treated  with  the  salts  of 

that  alkaloid :  by  M.  Bonnewyn.     J.  Pharm.  [3]  xxvii.  387. 
On  the  detection  of  sugar  in  diabetic  urine  :    by  M.  Baudrimotit.     Compt. 

rend.  xli.  176. 
On  the  presence  of  allantoin  in  the  urine  during  obstructed  respiration : 

by  F.  T.  Frerichs  and  G.  Stadeler.     Chem.  Gaz.  1855,  73. 
On  the  quantity  of  ammonia  in  normal  urine :  by  C.  Neubauer.     J.  pr. 

Chem.  Ixiv.  177,  279. 
— —  On  the  quantity  of  ammonia  in  the  urine:  by  W.  Heintz.    J.pr.  Chem. 

Ixiv.  399. 
Urohee matin. — On  urohsematin,  and  its  compound  with  animal  resin:  by 

G.  Harley.     J.  pr.  Chem.  Ixiv.  264. 
Ursone.— On  ursone,  a  new  substance  from  the  ledijes  oi  Arctostaphylos  uva 

ursi:    by  H.  Trommsdorff.      Chem.  Gaz.   1855,    134;    J.  pr.  Chem. 

Ixvi.  123. 
.-  On  the  composition  of  ursone  :  by  K.  Hlasiwetz.     Wien.  Akad.  Ber.  xvi. 

293;  Chem.  Gaz.  1855,475. 


V. 

Vacuum— On  a  chemical  method  of  producing  a  vacuum:  by  C.  Brunner, 

Pogg.  Ann.  xciv.  523  ;  J.  pr.  Chem.  Ixv.  126. 
Valeral. — Preparation  of  leucin  from  the  aldehyde  of  valerianic  acid:  by 

H.  Limpricht.     Ann.  Ch.  Pharm.  xciv.  243 ;  Chem.  Gaz.  1855,  210; 

Chem.  Soc.  Qu.  J.  viii.  157. 
Vanadium. — Vanadium  and  titanium  in  siDhaerosiderite  found  near  Bonn: 

by  Prof.  Bodeker.     Ann.  Ch.  Pharm.  xciv.  355. 
Vapours. — See  Heat. 

Vegetation. — Researches  on  vegetation,  undertaken  with  the  view  of  ex- 
amining whether  plants  fix  in  their  organism  the  nitrogen  which 

exists  in  the  air  in  the  gaseous  state  :  by  M.  BoussingauU.    Ann.  Ch. 

Phys.  [3]  xliii.  149. 
On  the  action  of  nitre  on  vegetation  :  by  M.  BoussingauU.     Compt.  rend. 

xli.  845. 
Veratrine. — Analysis  of  veratrine:  by  G.  Merck.     Chem,  Gaz.  1855,  426. 

On  veratrine:  by  A.  Delondre.     J.  Pharm.  [3]  xxvii.  417. 

On  the  physiological  action  of  veratrine :   by  MM.  Faivre  and  Lehlanc. 

Compt.  rend,  xxxix.  1166. 
Vine.— On  the  state  of  the  vine :  by  M.  Payen.     Compt.  rend.  xli.  417. 
Researches  on  the  destruction  of  the  Fumolpiis  of  the  vine,  commonly 

called  the  Secretary  {Ecrivain)  :  by  P.  Thenard..     Ann.  Ch.  Phys.  [3] 

xliii.  108. 
Report  on  a  memoir  by  M.  P.  TUnard  on  the  destruction  of  the  Eumolpus 

of  the  vine.     Compt.  rend,  xl.  25. 
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Vine- disease. — On  the  mode  of  action  of  sulphur  in  destroying  the  vine- 
disease:  by  M.  Mares.     Compt.  rend.  xli.  397. 

Vinegar. — On  the  presence  of  aldehyde  in  vinegar:  hy  M3f.  Marchand  emd 
Menard.     J.  Pharm.  [3]  xxvii.  183. 

Viscum  album. — On  the  inorganic  constituents  of  Viscmi  album:  by 
C.  Erdmann.     Ann.  Ch.  Pharm.  xciv.  254 ;  J.  pr,  Chem.  Ixvi.  504. 

Volcanoes. — General  considerations  on  volcanic  eruptions:  hy  M.  Constant- 
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